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PREFACE

This publication is designed primarily for the cannon battery.  Itis a how-to-train manual intended to provide general
guidance to the commander and his Rzlnc_lpal subordinates. It is designed for battery leaders and should be used in c_orgun_ctlon
with equipment technical manuals, Marine Corps combat readiness evaluation system (MCCRES), Marine Corps individual
traénmg standar%s (ITS), Army training and evaluation program (ARTEP) mission training plans (AMTPs), soldier manuals,
and trainer’s guides.

This publication sets forth sug(?ested_ duties and responsibilities of key personnel and addresses doctrine and procedures for
cannon battery operations and training, It is based on current tables of organization and equipment (TOE) and provides a
starting point from which each commander can adjust his battery operations and training based on his modification tables
of organization and equipment (IMTOE  actual personnel and equipment till; local training scenario; and mission, enemy,
terrain, troops, and time available (METT-T).

This publication presents standardized procedures relevant to cannon battery operations (Appendix A). These procedures
are denoted in text by an asterisk (¥).

This publication implements the following North Atlantic Treaty Organization (NATO) standardization agreements (STANAGS)
and quadripartite standardization agreements (QSTAGS):

STANAG 2934, Edition 1, Chapter 13, Artillery Procedures, and QSTAG 503, Edition 2, Bombing,
Shelling, Rocketing, Mortaring and Location Reports.

STANAG 2041, Edition 4 and QSTAG 520, Edition 1, Operation Orders, Tables and Graphs for
Road Movement.

STANAG 2047, Edition 6, and QSTAG 183, Edition 3, Emergency Alarms of Hazard or Attack
(NBC and Air Attack Only).

STANAG 2113, Edition 5, Denial of A Unit’s Military Equipment and Supplies to an Enemy.

STANAG 2154, Edition 5 and QSTAG 539, Edition 1, Regulations for Military Motor Vehicle
Movement by Road.

As used throughout this publication, the words howitzer, gun, cannon, weapon, and piece are synonymous.

The proponent of this publication is HQ TRADOC. Send comments and recommendations on DA Form 2028 (Recommended
Changes to Publications and Blank Forms) directly to:

Commandant _

US Army Field Artillery School
ATTN: ATSF-DD

Fort Sill, Oklahoma 73503-5600

Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively
to men.

Xiv
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CHAPTER 1
MISSION, ORGANIZATION, AND KEY PERSONNEL

Section |

MISSION AND GENERAL ORGANIZATION

1-1. MISSION

a. The mission of the field artillery (FA) is to destroy,
neutralize, or suppress the enemy gy cannon, rocket, and
missile fires and to help integrate all fire support assets into
combined arms operations.

b. The field artillery cannon battery is the basic firing
element of the cannon battalion regardless of how the batterK
is organized. The battery’s capability is enhanced throug

the flexibility and survivability provided under an
organlzatlon based on platoons. In no way should the
references to platoon- or battery-based organizations be
construed as the structure for operational emPonment.
Rather, the terms pertain solely to organizational structure.

1-2. FIELD ARTILLERY ORGANIZATION

The field artillery is organized into light, medium, and heavy
artillery on the basis of weapon caliber.

a. Each light artillery (105-mm M102, M101A1, or
M119A1) battery has a headquarters section and six howitzer
sections.

b. Each medium (155-mm M109A2-A6 and M198) battery
is organized in one of two ways:

(1) A platoon-based unit has a headquarters and two
firing platoons of three or four howitzer sections each. This
organization allows for platoon operations.

Note: The M109A5 howitzer battery organic to the
regimental armored cavalry squadron is designed to
function independently and to perform most of its own
It is organized, trained, and

support functions. It
equipped to operate in direct support of the squadron.

_ %2) A battery-based unit has a headquarters section and
six howitzer sections.

c. Organization does affect employment. In a unit
organized with a single six-gun battery, the battery is
employed as a single unit under the direct control of the
battery commander. In a platoon-hased unit, the battery
may be employed in one of the following ways:

e As two platoons under the control of the battery
commander (BC).

¢ Asasingle unit, with the platoons merged.

o As two separate platoons directly controlled by the
battalion S3, through the BC, with the battery
commander providing reconnaissance, selection, and
occupation of position (RSOP) and logistical support.

This last employment option is the least desirable. It is
used only when the tactical situation permits no other means
of command and control.

1-3. COMMAND AND
CONTROL OF BATTERIES

a. The FA cannon battalion issues movement instructions
and other orders to the battery, regardless of whether the
battery is battery- or platoon-hased. Orders are issued to
the battery commander or his operations center. These orders
specify the artillery requirements of the tire s_upﬁort
coordinator (SFS_COO D) rather than trying to specify how
the commander is to accomplish the mission. The BC selects
platoon positions within the larger battery area selected b
the S3. The battery commander will also determine whic

latoon is better able to move at any given time. The
unctions of the FA hattalion tactical operations center (TOC)
are to position and control the fires of the batteries. The
BC positions and controls the tires of his platoons. The
hattalion TOC should be involved with directly controlling
platoons only when no other option is available.

1-1
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b. In a battery-based (3x6) unit, command and control of
the firing battery is facilitated through the battery commander
and the battery operations center ;_B_OC). The battery fire
direction center (FDC) controls the firing of the battery and
is required to maintain the current tactical situation and
respond to the supported unit and higher headquarters. The
BOC serves as a focal OIpomt for internal battery operations
to include command and  control, battery defense,
coordinating logistics, and all other operational functions
normally performed by a headquarters. It also serves as the
alternate FDC by ﬁrowdmg backup fire direction capability
with the lightweight computer unit (LCU) or manual gunnery
techniques.

¢. In a platoon-based (3 x 6 or 3 x 8) hattery, the requirement
for functional command and control exists at both platoon
and battery levels. In the platoon, this requirement is met
by the platoon operations center (POC). The POC is nothing
more than the FDC with added operational responsibilities.
The POC is not a separate element and does not require a
separate vehicle. Its functions are supervised by the tire
direction officer (FDO). Two of the functions of the POC
are technical and tactical fire direction, the traditional
functions of the FDC. Additional functions of the POC are
reporting, accepting and executing orders from higher
headquarters, coordinating logistics, and all the other
operational functions normally performed by a headquarters.

d. The BC of the platoon-based battery must also Brovide
for a single point for command and control of the battery.
Because the battery does not have the personnel or equipment
to establish a s_eﬁarate BOC, the BC does this bY designating
an element within the firing battery, normally one of the
POCs, to perform the battery operations fiction. In addition
to its functions described ahove, the designated POC handles
all tactical and logistical information and personnel and
maintenance reports for the battery as a whole. One of the
POCs should be designated as the casualty collection point
for the battery and the medic is located with this POC. This
POC may require augmentation to perform this function.
The battery NBC noncommissioned officer (NCO) can
provide this augmentation. By augmenting the POC in this
manner, the NBC NCO also enhances his ability to perform
his own monitoring and reporting functions.

Note: This manual will refer to the designated POC
as a BOC to indicate that it is performing the BOC
functions of a battery-based unit.

e. In a platoon-hased firing battery, the location of the BOC
and the battery trains must facilitate command, control and
logistical support of the battery. There are three basic options

1-2

for positioning the battery elements. The options can be
termed heavy-heavy, heavy-light, and light-light.

(1) Heavy-Heavy. This oh)tion divides the SU}r)ﬁort
elements in half and assigns them to each platoon. These
elements should be dispersed in positions to the rear of the
platoon position area to enhance survivability. Yet, they
srlwtuld be near the POC to facilitate coordination within the
platoon.

(a) The advantages of this option are:
o Local security of both platoons is enhanced.

o Responsiveness of support elements to platoon is
enhanced.

(h) The disadvantages are:
o More elements give a larger visual signature.

e Tracked and wheeled vehicles and thick- and
thin-skinned vehicles are combined.

(2) Heavy-Light. This option positions all of the support
elements in one platoon position area. These elements should
locate near the FDC on the extremity of the position area.

(a) The advantages of this option are:
o Local security of one platoon is enhanced.
e Support is responsive to one platoon.

(h) The disadvantages are:
o One platoon has a larger visual signature.

o Maneuverability may be limited in one platoon
area.

o Logistic support to the light platoon is decreased.

(3) Light-Light. This option positions all of the batter
support elements in a separate location away from bot
platoon areas.

(a) The advantages of this option are:

e Each battery element has the smallest visual
signature.

o Howitzer positioning and movement flexibility
are maximized.

(h) The disadvantages are:

o Local security of platoons and battery elements
IS reduced.

o Combat service support (CSS) responsiveness is
reduced.
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Section 11

CANNON BATTERIES IN PLATOON-BASED FIELD
ARTILLERY BATTALIONS

1-4. ORGANIZATION

a. An FA battalion with FA batteries organized into two
firing platoons for platoon operations is considered a
platoon-based organization.

b. Each cannon battery in a platoon-based FA battalion
consists of a battery headquarters and two firing platoons
(Figure 1-1). This configuration allows for conduct of
platoon operations.

(51) The battery headquarters has the personnel
and equipment to perform administration, supply,

communications, NBC, and maintenance
functions.

Note: Supply and NBC operations at the battery
level are functions performed by personnel of the

battery headquarters. There are not sections
organized specifically for those functions.

(2) Each firing platoon has the personnel and equipment
to determine firing data, to fire the howitzers, and to resupply
ammunition. (In some units, ammunition assets may be
consolidated at battalion.)

CANNON
BATTERY
BATTERY FIRING
HEADQUARTERS PLATOON
| |
| ] | |
COMMUNICATIONS MAINTENANCE FIRING PLATOON FIRE DIRECTION
SECTION SECTION HEADQUARTERS CENTER
| |
HOWITZER AMMUNITION
SECTION ] SECTION
Note: A 3 x 6 platoon-based organization would .
have one howitzer less than the figure depicts.

Figure 1-1. Platoon-based FA cannon battery.
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1-5. TACTICAL DUTIES
OF KEY PERSONNEL

Paragraphs 1-6 through 1-12 present the sug?ested duties
of ke?_/ personnel in a cannon battery of a platoon-based
battalion. The unit MTOE, the commander’s preference,
personnel strength, and individual capabilities may require
the commander to modify or reassign duties based on
METT-T and standing operating procedures (SOPs).

1-6. BATTERY COMMANDER

The battery commander is responsible for all aspects of the
operations of his battery. He locates where he can best
command the battery, considering the factors of METT-T
and the level of unit training. His responsibilities may include
the following:

a. Supervise and standardize the operations of the platoons.

b. Reconnoiter and select platoon position areas after
receiving direction from the controlling headquarters
(Chapter 2).

¢. Determine the azimuth of fire if it is not given by higher
headquarters.

d. Plan and direct unit marches and movements in
accordance with tactical plans established by higher
headquarters (Chapter 2).

e. Plan for survey control and, when necessary, conduct
hasty survey (Chapter 5).

f. Ensure an effective defense posture is maintained in the
platoon areas (Chapter 3).

. Maintain communications and electronics security
?Chapterg).

h. Plan for ammunition resupply (Chapter 12).

1. Plan for logistic resupply of food service, supply, and
maintenance items (Chapter 12).

J. Keep the battalion TOC and battery personnel informed.

k. Develop and execute the overall battery defense plan
(Chapter 3).

|. Supervise safety during battery operations and conduct
risk assessment.

m. Develop the battery standing operating procedure.

1-7. FIRST SERGEANT

The first sergeant (ISG) is the principal enlisted advisor to
the battery commander. His responsibilities may include
the following:

1-4

a. Supervise the platoon sergeants, gunnery sergeants, and
section chiefs; and, whenever possible, maintain a presence
on the gun line.

b. Assist and advise during reconnaissance and selection
of platoon position areas.

¢. Assist the commander in the develoEment and execution
of the overall battery defense plan (Chapter 3).

d. Coordinate administrative and logistical support (less
ammunition), to include water and food service, mail, laundry,
showers, maintenance, and evacuation of personnel and
equipment (Chapter 12).

e. Monitor the health care, welfare, and sanitation of battery
personnel.

f. Plan, coordinate, and execute the evacuation of casualties
to the battalion aid station.

1-8. PLATOON LEADER

The platoon leader (PL) is responsible for everything his
platoon does or fails to do. He positions himself where he
can best lead the platoon, considering the factors of METT-T.
He relies heavily on the platoon sergeant to supervise the
firing element and on the gunnery sergeant to supervise the
detailed platoon RSOP. His responsibilities may include
the following:

a. Establish and maintain the firing capability of the platoon.

b. Supervise the displacement, movement, and occupation
of the platoon.

¢. Supervise the POC, and be prepared to perform the duties
of the FDO to facilitate 24-hour operations.

d. Supervise the use of the M90 radar chronograph.
e. Supervise the overall maintenance of platoon equipment.

f. Ensure continuous security of the platoon (with emphasis
during displacement and occupation of position).

ﬁ' Verify minimum (rein) quadrant elevation (QE) for each
owitzer,

h. Ensure the weapon location data are submitted and
updated (on DA Form 5698-R L\Neapon Location Datal)
anthéOFgrm 5969-R (Section Chief’s Report) is submitted
to the :

Note: Reproducible copies of DA Forms 5698-R
and 5969-R are at the back of this manual.
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I. Supervise and conduct hasty survey operations for the
platoon.

J. Supervise ammunition management within the platoon.
k. Supervise safety during platoon operations.

1. Ensure all reports (personnel, supply, maintenance) are
submitted to the battery commander and battalion.

1-9. FIRE DIRECTION OFFICER

The FDO is responsible for the training and supervision of
POC personnel. He also must be familiar with the duties
of the platoon leader, as he will at times perform his duties
also. His responsibilities may include the following:

a. Decide to attack a target, and issue a fire order.
b. Ensure accurate and timely determination of firing data.

¢. Ensure that maintenance checks are performed on the
section vehicle, radios, computer, and generators in strict
compliance with technical manuals.

d. Ensure that the tactical situation map is current.

e. Ensure accurate FDC records of missions fired are
maintained.

f. Ensure that data for prearranged fires are disseminated
and understood.

g. Ensure data from the other platoon is recorded and
available.

h. Supervise assumption of control of the fires of the other
platoon when necessary.

I. Perform indeﬁ)endent safety computations, and verify the
data with the platoon leader.

|. Maintain muzzle velocity (MV) information for all
owitzers.

1-10. PLATOON SERGEANT

The platoon sergeant (PSG) is the primary enlisted assistant
to the platoon leader and must be prepared to assume all
of the platoon leader’s duties. His responsibilities may
include the following:

a. Supervise the firing platoon, and maintain firing
capability.

b. Supervise occupation of the position.
¢. Supervise the overall maintenance of the firing platoon.
d. Develop and execute the platoon defense plan (Chapter 3).

e. Provide the 1SG with the platoon defense plan for
integration into the overall battery defense scheme.

f. Ensure that each chief of section knows the route to
both alternate and supplementary positions.

g. Verify the completion of DA Form 2408-4 (Weapon
Record Data).

h. Ensure ammunition is properly handled and protected.

I. Ensure safety aids are used and safety procedures are
followed.

1-11. GUNNERY SERGEANT

The gunnery sergeant (GSG) supervises and executes platoon
advance party operations (Chapter 2). He must be prepared
to assume the duties of the platoon sergeant. His
responsibilities may include the following:

a. Lay the platoon.

b. Perform hasty survey as required.

¢. Initiate the development of the platoon defense plan.
d. Assist in the sustainment of 24-hour operations.

e. Ensure there is an initial fire direction capability with
the advance party.

f. Compute executive officer’s (XO’s) min QE for the
lowest preferred charge the unit expects to fire.

1-12. HOWITZER SECTION CHIEF

The section chief is responsible for the training and
proficiency of his section, the operational readiness of his
equipment, and the safe firing o the howitzer. Appendix B
presents sample tests to help in training the gunners. The
section chiefs responsibilities may include the following

a. Ensure the weapon is properly emplaced, laid, and
prepared for action.  The memory aid TLABSPAP will be
uscle(d as a guide for the accomplishment of the following
tasks:

e T: Trails, spades, and/or firing platform properly
emplaced.

e L: Lay weapon.
e A: Aiming point emplaced.
o B: Boresight verified or performed.

e S: Second circle. Verification of lay performed with
a second aiming circle.

o P: Prefire checks on the weapon system performed.

1-5
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e A:Ammunition prepared.

o P. Position improvement (site to crest determined,
XO’s report rendered, alternate aiming points
established, azimuth markers emplaced, camouflage,
and defensive hardening of position).

Note: Unit SOP and the weapon technical manual
will dictate when to dig in spades on towed weapons.
b. Ensure digital and voice communications with FDC are

established and maintained.

¢. Ensure ammunition is properly segregated, stored,
handled, and prepared.

d. Ensure only safe data is fired by verifying firing data,
correct sight picture, and bubbles centered.

e. Ensure DA Form 4513 (Record of Missions Fired) is
current, legible, and accurate (Chapter 7).

f. Maintain DA Form 2408-4, and compute and record
equivalent full charge (EFC) data.

g. Ensure DA Form 5969-R is completed for each position
occupied.

h. Ensure data on DA Form 5212-R (Gunner’s Reference
Card) are correct and current.

Note: A reproducible copy of DA Form 5212-R is at
the back of this manual.

I. Ensure range cards for the howitzer and crew-served
weapons are proPerIy prepared, and actively manage the
assigned sector of the platoon defense plan.

J. Ensure preventive maintenance checks and services
(PMCS) are performed in accordance with the appropriate
technical manual.

Section Il

CANNON BATTERIES IN BATTERY-BASED FIELD
ARTILLERY BATTALIONS

1-13. ORGANIZATION

a. A cannon battery in a battalion consisting of a
headquarters battery, a service battery, and firing batteries
(without TOE-designated platoons) is considered a
battery-based battery.

b. Each cannon battery in a battery-based FA battalion
clogswts of a battery headquarters and a firing battery (Figure

(1) The battery headquarters has the personnel and
equipment to perform food service, supply, communications,
NBC, and maintenance functions. (In some units, food service
and maintenance may be consolidated at battalion.)

32) The firing battery has the personnel and equipment
to determine firing data, fire the howitzers, and resupply
ammunition. (In some units, ammunition assets may be
consolidated at battalion.)

1-14. TACTICAL DUTIES
OF KEY PERSONNEL

Paragraphs 1-15 through 1-22 present recommended duties
of key personnel in a cannon battery of a battery-based

1-6

battalion. The unit MTOE, personnel fills, and individual
capabilities may require the commander to modify or reassign
duties to fit his circumstances and SOPs.

Note: Key personnel in a US Marine Corps (USMC)
battery have the same duties and responsibilities,

except where noted.

1-15. BATTERY COMMANDER

The battery commander is responsible for all aspects of the
operations of his battery. He must plan and train for
continuous operations in an intense combat environment.
He locates where he can best command the battery,
considering the factors of METT-T and the level of unit
training, His responsibilities may include the following:

a. Supervise and standardize the operations of the battery.
b. Reconnoiter and select battery positions (Chapter 2).
C. Supervise the FDC when necessary.



d. Plan specific actions to enhance the survivability of the
hattery (Chapter 3).

e. Plan for survey control; and, when necessary, perform
hasty survey (Chapter 5).

f. Plan unit marches and movements (Chapter 2).

g.tFt’Ian the basic load mix and the resupply actions for the
attery

h. Plan logistics for the battery supply, mess, and
maintenance (Chapter 12).

I. Establish and maintain communications and electronics
security (Chapter 9).

J. Keep the battalion TOC and battery personnel informed.

k. Develop and execute the overall battery defense plan
(Chapter 3).

|. Supervise safety during battery operations and conduct
risk assessment.

m. Develop the battery standing operating procedure.

FM 6-50, MCWP 3-1.6.23

CANNON
BATTERY
]
| i |
BATTERY FIRING
HEADQUARTERS BATTERY
1
| 1 . 1 1 I |
SUPPLY FOOD SERVICE MAINTENANCE COMMUNICATIONS NBC
SECTION SECTION SECTION SECTION SECTION
FIRING BATTERY
HEADQUARTERS
HOWITZER
| —— SECTION
FIRE DIRECTION AMMUNITION
CENTER SECTION

Figure 1-2. Battery-based cannon battery.
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1-16. FIRST SERGEANT

The 1SG is the principal enlisted advisor to the battery
commander. His responsibilities may include the following:

a. Supervise the chief of firing battery and gunnery sergeant;
and, whenever possible, maintain a presence on the gun line.

b. Assist and advise the BC during reconnaissance and
selection of the battery position.

¢. Assist the battery commander in the deveIoEment and
execution of the overall battery defense Plan (Chapter 3).

Note: In a USMC battery, the local security chief
plans and executes overall battery defense.

d. Coordinate administrative and logistical support (less
ammunition), to include water and food service, mail,
laundry, showers, maintenance, and evacuation of personnel
and equipment (Chapter 12).

e. Supervise the health care, welfare, and sanitation of
battery personnel.

f. Plan, coordinate, and execute the evacuation of casualties
to the battalion aid station.

1-17. EXECUTIVE OFFICER

Usually, the XO commands the firing battery portion of the
hattery. As the position commander, he is responsible for
everything the firing battery does or fails to do. During
extended field operations, he spends part of his time
s_uperwsmgl_technlca_l operations of the FDC. During this
time, he relies heavily on the chief of firin batterr to
supervise the battery. Also, he relies on the GSG to lead
the advance party.
the following:

a. Establish and maintain the firing capability of the battery.

b. Supervise the displacement, movement and occupation
of the battery.

¢. Supervise the use of the radar chronograph and overall
MV management program of the battery.

d. Supervise the maintenance of the battery equipment.

e. Ensure continuous security of the battery (with emphasis
during displacement and occupation of position).

f. Verify minimum QE for each howitzer.

g. Ensure that the weaﬁon location data report is submitted
andhupggtgd and that the section chiefs reports are submitted
to the FDC.

Q. Supervise and conduct hasty survey operations for the
attery.

e XO's responsibilities may include

1-8

I. Supervise the ammunition management for the battery.
J. Supervise safety during battery operations.

1-18. ASSISTANT EXECUTIVE
OFFICER (USMC only)

The assistant executive officer (AXO) assists the XO and
FDO. He leads the BOC and assists the battery commander
during displacement.  His responsibilities include the
following:

a. Lay the battery.
b. Perform hasty survey as required.
¢. Assume the duties of XO or FDO, when required.

d. Assist in the establishment and maintenance of battery
firing capability during advance party operations.

e. Coordinate resupply and distribution of ammunition with
the FDO.

f. Perform liaison with battalion and other outside agencies,
as required.

0. Ensure there is initial fire direction capability with the
advance party.

h. Comﬁute the XO’s min QE for the lowest preferred
charge the unit expects to fire.

1-19. FIRE DIRECTION OFFICER

The fire direction officer is responsible for the training and
supervision of the FDC personnel. He also must be familiar
with the duties of the XO; since he will, at times, perform
all those duties.  His responsibilities may include the
following:

a. Decide to attack a target, and issue a fire order.
b. Ensure accurate and timely determination of firing data.

¢. Ensure that maintenance checks are performed on the
section vehicle, radios, computer, and generators in strict
compliance with the technical manuals.

d. Ensure that the tactical situation map is current.

e. Ensure accurate FDC records of missions fired are
maintained.

f. Ensure that data for prearranged fires is disseminated
and understood.

g. Ensure data from the other batteries are recorded and
available.

h. Supervise assumption of control of the fires of other
units when necessary.
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I. Perform independent safety computations, and verify the
data with the executive officer.

J. Maintain muzzle velocity information for all howitzers.

1-20. CHIEF OF FIRING BATTERY

The chief of firing battery (CFB) is the dprimary enlisted
advisor to the XO and must be prepared to assume all of
the XO’s duties. The equivalent USMC billet description
Is the battery gunnery sergeant (Btry GySgt).  His
responsibilities may include the following:

a. Supervise and maintain the firing capability of the battery.
b. Supervise the occupation of the position.
¢. Supervise the overall maintenance of the firing battery.

dl. Continue to develop and implement the battery defense
plan,

e. Give the 1SG information on the defense plan.

f. Ensure that each chief of section knows the route to
both alternate and supplementary positions.

g. Verify the completion of the DA Form 2408-4.
h. Ensure ammunition is properly handled and protected.
I. Ensure safety aids and procedures are maintained.

J- In'a USMC battery, the battery gunnery sergeant will
complete the NAVMC 10558A (gun book% and compute
and record EFC data.

1-21. GUNNERY SERGEANT

The gunnery sergeant supervises and executes the batter
advance party operations rCha ter 2). The equivalent USM
billet description is the local security chief. He must be
prepared to assume the duties of the chief of firing battery
or battery gunnery sergeant. Additional responsibilities may
include the following:

a. Lay the battery.
b. Perform hasty survey as required.

¢. Initiate the development of the battery defense plan when
necessary.

d. Assist in the sustainment of 24 hour-operations.

e. Ensure there is an initial fire direction capability with
the advance party.

f. Compute the XO’s min QE for the lowest preferred charge
the unit expects to fire.

g. In a USMC battery, the local security chief plans and
executes overall battery defense. The AXO lays the battery,
performs hasty survey as required, ensures an initial fire
direction capability with the advance party, and computes
the XO min QE for the lowest preferred charge the unit
expects to fire.

1-22. HOWITZER SECTION CHIEF

The section chief is responsible for the training and
proficiency of his section, the operational readiness of his
equipment, and the safe firing of his weapon.  His
responsibilities may include the following:

a. Ensure the weapon is properly emplaced, laid, and
prepared for action. The memory aid TLABSPAP will be
used as a guide for accomplishment of the following tasks:

e T: T rails, spades, and/or firing platform emplaced.
o L: L ay the weapon.

e A’ Aiming point emplaced.

o B: B oresight verified or performed.

e S: Second circle. Verification of lay performed with
a second aiming circle.

o P Priefire checks in accordance with operator’s
manua

o A: Ammunition prepared.

« P: Position improvement (site to crest determined,
XO’s report rendered, alternate aiming points
established, azimuth markers emplaced, camouflage,
and defensive hardening of position).

Note: Unit SOP and the weapon technical manual
will dictate when to dig in spades on towed weapons.
b. Ensure digital and voice communications with FDC are

established and maintained.

¢. Ensure ammunition is properly segregated, stored,
handled, and prepared.

d. Ensure only safe data is fired by verify firing data, correct
sight picture, and bubbles centered.

e. Ensure DA Form 4513 is current, legible, and accurate
(Chapter 7).
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f. Maintain the DA Form 2408-4, and compute and record
EFC data. In a USMC batter, the battery gunnery sergeant
will complete the NAVMC 10558A, and compute and record
EFC data.

g. Ensure DA Form 5969-R is completed for each position
occupied.

h. Ensure data are correct and current on DA Form 5212-R.

I. Ensure range cards for the howitzer and crew-served
weapons are properly prepared, and actively manage assigned
sector of the defense plan.

j. Ensure PMCS are performed in accordance with the
appropriate technical manual.

1-10
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CHAPTER 2
RECONNAISSANCE, SELECTION, AND
OCCUPATION OF A POSITION

This Chapter Implements STANAG 2041, QSTAG 520 and STANAG 2154/QSTAG 539.

Section |
RECONNAISSANCE AND THE ADVANCE PARTY

2-1. DEFINITION AND REQUIREMENTS

Reconnaissance, selection and occupation of position
ensures the rapid and orderly movement to and occupation
of a firing position. On the hattlefield, a sophisticated enemy
can locate and engage a battery in various ways. To survive,
we may have to move often. Frequent movement, however,
reduces responsiveness; it necessitates greater reliance on
other batteries to assume the mission during displacement.
To minimize movement time, all key personnel must be
able to do the reconnaissance, selection, organization,
occupation, and movement tasks quickly and efficiently. The
key to a successful RSOP is discipline and team effort.
Reconnaissance is the examination of the terrain to determine
its suitability for use in accomplishing the mission.

2-2. CONSIDERATIONS

A continuous and aggressive reconnaissance is essential to
timely and accurate fire support. The BC or his representative
must continually perform this reconnaissance and plan ahead
to meet any contingency. The BC must have a clear
understanding of the tactical situation, of both friendly and
enemy forces, while planning and executing any movement.
The headquarters controlling the movement of the battery
directs the essential elements of the movement—when,
where, and how. The BC will advise the controlling
headquarters of any factors to be considered in determining
the essential elements of the move.

2-3. RECEIPT OF THE ORDER

The battery commander may receive movement orders
ran_glng? from a five-paragraph operation order (OPORD) to
a simple authenticated radio message. A movement order
from higher headquarters should include the general location
of the new position, the azimuth of fire, no earlier than
(NET) time the unit can cease firing capability, no later
than_(NLT)) time to be in position ready to fire, route (if
applicable), and any specific instructions (danger areas,
intelligence, alternate positions, movement techniques). Unit

SOP should determine which, if any, of the above items are
delegated to the hattery commander.

2-4. ARTILLERY TROOP
LEADING PROCEDURES

Troop leading procedures (TLPs) provide a mental framework
to ensure complete preparation, dissemination and execution
of the battery mission. The process provides a checklist
for the commander from receipt of the mission to execution.
The steps may occur out of order or simultaneously after
receipt of the mission.

a. Receive the Mission. UJ)on receipt of the FA support
plan (FASP) or a warning order, the commander must analyze
the mission in order to identify critical fire support tasks.
He defines the task, purpose, method and success for each
task to determine specific ammunition, logistics and unit
preparation requirements. He should identify the precombat
checks (PCCSE’ In priority that the sections must accomplish.
A battery SOP should have PCCs that support routine tasks.
These checklists streamline mission preparation. Finally,
the commander needs to set a timeline for all critical events
from issuing the warning order to execution.

b. Issue the Warning Order. The commander takes his
battery mission, critical fire support tasks, PCC priorities
and timeline and issues a_warnlnP order to maximize battery
preparation time. Even incomplete information can allow
the sections to accomplish most of their required preparations.
A modified five paragraph order works well.

¢. Make a Tentative Plan. The commander must gather
information to make his plan by focusing on battery level
METT-T and intelligence preparation of the battlefield (IPB),
if available. The commander is concerned with positioning,
movement, logistic support, rehearsals and defense as he
makes his plan.

d. Initiate Movement.  If the mission requires
repositioning, the commander should start his battery

2-1
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movement as early as possible (in accordance with METT-T)
to make use of available time.

e. Conduct Reconnaissance. Depending on METT-T, the
reconnaissance may be a simple map reconnaissance. Ideally,
it will consist of ground reconnaissance, establishing and
verlfyln%survey control, fully preparing the position to
receive the battery, and developing the battery defense.
Coordination for survey, engineer support, route security,
adjacent unit coordination, and fire support can be
accomplished.

f. Complete the Plan. The commander must organize the
information into a coherent order to issue to his sections.
The level of detail is METT-T dependent, but as a minimum
must convey the essential information to accomplish the
critical fire support tasks. Prepare a terrain sketch or map
hoard to use to Issue the order. Rehearse to ensure a focused
and clear delivery.

g._lssue the Order. Key players must be present for the
rief. Headquarters and BOC personnel should attend so
they understand their role. Be concise, but specific in the
subunit missions to each section.  Once complete, use
backbrief techniques to make sure your orders and priorities
are understood. Have the XO and other key leaders back
brief you after they have had time to analyze and implement
their part of the plan. State the specific items you will
check or have another leader check. Update your time line
and rehearsal schedule.

h. Supervise. This is the most important step. Leaders
must conduct precombat inspections (PCIs) and spot-check
the plan to ensure standards are met. ~ In the defense
especially, leaders must ensure weapons range cards, fightin
Bosﬂmns, ohservation posts, and knowledge are to standard.

se subordinate leaders to assist, but the commander must
conduct the E)_nont_y PCls. The requirements for effective
PCls are outlined in FM 7-123, pages 2-33 to 2-35.

Note: AFpendix_C of this manual provides a sample
hattery tield artilley support plan checklist, sample

precombat checklists, a sample warningi order, a

mission analysis work sheet, and a sample battery
operations order.

2-5. RSOP OPERATIONS

The BC is responsible for the overall RSOP. He or his
representative performs general reconnaissance and leads the
advance party. He selects a battery or two firing platoon
positions and a batter>{ trains position (if applicable). The
?unne_ry sergeants will then conduct the detailed RSOPs
or their locations.

2-2

2-6. METHODS OF RECONNAISSANCE

The three methods by which the battery commander and
platoon leaders may conduct a reconnaissance are map, air,
and ground. The best reconnaissance is one which uses a
combination of all three. Normally, the commander is able
only to make a map inspection, followed by a ground
reconnaissance.

a. Map Reconnaissance.

(1) Any reconnaissance begins with a map inspection.
Potential positions and routes to the new position can be
chosen. This method is very fast and allows unsuitable routes
to be eliminated. In addition, likely ambush sites can be
identified on the map. The BC or platoon leader can also
determine an initial order of march for the howitzers. The
rule he applies here is that the howitzer which will travel
the farthest into the new position will be the first vehicle
in the column. There are also two major disadvantages to
conducting only a map inspection:

(a) Terrain and other features may have been altered.
For example, a bridge shown on the map may no longer exist.
Military load classifications of brldges are not listed on maps.
Bridges must be physically inspected.

(b) The surface conditions of the route and position
cannot be determined, For example, the ground may not support
an MI09A3-A6 howitzer or an MI98 howitzer and its prime
mover.

(2) If available, aerial photo?raphs should be used to
supplement maps. They are usually more recent, show more
detail, and present a clear picture of the current condition
of the terrain to be crossed.

(3) In addition to aerial photographs, the battery
commander can ask his battalion S2 or higher headquarters
intelligence section for products from the terra-base computer
program concerning his subsequent position areas and routes.

b. Air Reconnaissance. If time and resources are
available, information gained from an air reconnaissance may
be very beneficial in the selection of routes to be used and
areas to be occupied. Although a fast method, true surface
conditions may not bhe distinguishable or may appear
distorted. The hattery commander must be careful that his
flight plan does not compromise the route or the new position
area. Normally this method will not be available to the
battery commander.

¢. Ground Reconnaissance.  The best method of
reconnaissance is the ground reconnaissance. The suitability
of routes can be physically examined. The true condition
of the terrain is especially critical if the surface has been
affected by enemy action (NBC attack) and/or weather
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conditions. The ground reconnaissance is the slowest
method.

2-1. PLANNING THE RECONNAISSANCE

To maximize the tactical benefit, the reconnaissance must
be thoroughly planned. As gart of the plannlngr hase for
any operation order or RSOP, the factors of METT-T must
be considered before any action is taken.

a. Mission. The mission is the governing factor in planning
the RSOP. The unit must remain able to perform its mission
with minimal degradation as a result of tactical or
survivability moves. The battery commander must perform,
or have previously done, his mission analysis with respect
to his current and subsequent positions. Then he can identify
the battery’s critical tasks in each of these positions, and
determine a list of movement and positioning criteria.

Movement Criteria Examples:
o The hattery cannot lose f|r|n? capability. Therefore,
the battery must move by platoon.

e Battery is out of range to execute their portion of
the tire support plan: Therefore, move by battery
using fastest movement technique.

o Battalion has two batteries moving at the same
time, The battery could receive an emergency
mission. Therefore, the battery must consider an
internal platoon order of march and perform a
reconnaissance of areas along the planned route
to assist the battery on meeting this contingency.

b. Enemy Situation. The current enemy situation must
he thoroughly understood. The disposition, intentions, and
capabilities of enemy forces must be analyzed before the
RSOP, particularly their local capabilities as revealed in
current combat information.

Enemy Situation Examples:

L. If the most likely enemy action during the battery’s
movement is from air attack, then:

o The BC requests a change to the given route to
support a terrain march for certain segments of
the planned route where there is not adequate
concealment for the battery.

o The route must allow the march units to conduct
their immediate action drills for air attack.

o A route reconnaissance must be performed to
determine easily identifiable features to serve as
air target referénce points (TRPs).

e If a terrain march is too slow, move in an open
column,

2. If the most dangerous enemy action during the
battery’s movement is ambush, then:

o Each march element, to include the reconnaissance
and advance parties, must lead with an armored
vehicle and/or crew served weapon.

o Coordinate with higher headquarters to determine
Possmle ambush Sites and clear those areas so
hat advance parties or main bodies can conduct
reconnaissance by fire.

Positioning Criteria Examples:

L. If the most likely threat in the subsequent position is

enemy counter-battery fire, then the battery commander

must ensure position"areas support maximum dispersion
and hardening.

2. If the most dangerous threat to the battery in the
subsequent position is from mechanized forces, then:

o The battery commander must ensure the position
is not located on platoon-sized or larger avenues
of approach.

o He must perform a reconnaissance of possible
observation posts (QP) to provide for early warning
to execute hasty displacements or the activation
of howitzer direct fire and/or tank-killer teams.

o He must make a reconnaissance of the position
area for supplemental positions for howitzer direct
fire and/or tank-killer teams.

o He must make a reconnaissance to determine if
the E_osmon provides adequate defilade and terrain
masking.

¢. Terrain and Weather. The BC and/or platoon leaders
must analyze the routes to be used by the unit assets and
the time and distance required to make the move. The ability
to move one firing platoon while keeping the other in position
and firing is critical to the platoon-based operations and the
accomplishment of the battery mission. Moving the battery
over long, difficult routes requires well planned, coordinated
movement orders and unit SOPs. The effects of the weather
on the terrain to be crossed must be analyzed to facilitate
rapid movement. Weather affects visibility (fog, haze) and
trafficability (ice, rain-softened ground).

d. Troops. The current troop strength and level of training
must be considered. The mission may not chan%e; but the
troops available to accomplish it will. As the other factors
of METT-T vary, so will the number of troops necessary

2-3
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to perform the mission. Because of casualties and these
varying conditions, adjustments must be made during the
planning phase.

e. Time. The amount of time available for the RSOP will
effect all phases of its accomplishment. The time factor
will change due to events on the battlefield. Whether minutes
or Qours are allowed for the RSOP, adjustments must be
made.

2-8. THE RECONNAISSANCE PARTY

The reconnaissance party should consist of enough
individuals to accomplish successful RSOP. An example
of a reconnaissance party is: the commander, the GSG, and
representatives from each howitzer FDC; and support
section. If enough survey or position azimuth determining
system (PADS) sections are available, a survey capability

should be allocated to the commander. This capability will
depend upon survey priority established by the battalion S3.
The commander of a firing battery chooses position areas
for the platoons or the battery and determines the azimuth
% gge. The GSG then performs detailed position area

2-9. ASSEMBLING THE
ADVANCE PARTY

For either a deliberate or a hasty occupation, a prearranged
signal or procedure should be used to alert and assemble
the advance party. The signal should be in the unit SOPs,
which will also list the personnel, equipment, vehicles, and
place of assembly (see Tables 2-1 and[2-2). The advance
party is normally assembled no later than the
prepare-to-march-order phase.

Table 2-1. Advance party equipment

PERSONNEL

EQUIPMENT

and Driver
NVGs as needed.

Battery Commander | Vehicle with radio, map, compass, binoculars, chemical detection equipment M8A1, M256
kits, M8 paper, and IM-93 and IM-174 radiac meter or radiac set AN/VDR-2, GPS if available,

First Sergeant

Map, grid sheet, overlay paper, coordinate scale, and protractor (The 1SG supervises mine
detector operations, if applicable.)

Gunnery Sergeant

Vehicle with radio, map, compass, binoculars, aiming circle, TA-312, DR-8 with RL-39, and
chemical detection (M8A1, M256, M8 paper) and radiac equipment (IM-93, IM174, or radiac
set AN/VDR-2) as required, GPS if available, NVGs as needed.

Ranracantativae
NOPITSTIIauUves

POC or FDC Guide | TA-312, DR-8 with RL-39, OE-254, M17 plotting board, tabular firing tables (TFTs), subtense
tables, and DA Form 5698-R.

Gun Guides Compass, marking stakes with tape, TA-312, DR-8 with RL-39, hammer, and panoramic
telescope marker, two flashlights with extra batteries.

Communications TM-184 or MX-155, TA-312, and DR-8 with RL-39.

2-4
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RECONNAISSANCE SELECT AND/OR ORGANIZE OCCUPATION
JOB PHASE PHASE PHASE

Battery Conduct map reconnaissance. | Select platoon position areas. Supervise
Commander Select primary and/or alternate | Select azimuth of fire if not given. occupation by

routes and checkpoints. Direct emplacement of survey control (if | the platoons.

Determine platoon order of survey support is available), or perform

march. hasty survey.

Brief platoon leaders, GSGs, Select trains location if trains are not

and other key leaders. collocated with a platoon.

Conduct ground Reconnoiter alternate and/or supple-

reconnaissance. mentary positions.
First Sergeant Assist BC on reconnaissance. | Plan battery defense. Coordinate Brief platoon

defense efforts of all battery elements.
Organize trains position, and select
support vehicle positions.

sergeants on
defense plan and
platoon respon-

Direct security and defense of battery. sibilities in the
plan.
Gunnery Sergeant | Assemble the platoon advance | Supervise the security sweep. Lay the
party. Make plan for occupation. howitzers.
Brief the advance party. Designate howitzer, FDC, aiming circle, Begin to prepare
Supervise security. and TM-184 locations. the platoon

Set up and orient the aiming circle.
Determine initial deflection, distance, and
vertical angle to guns.

Develop track plan.

Brief guides on occupation plan.
Supervise preparation of position.

leader’s report.

Gunnery
Sergeant’s Driver

Help in radio communications
during security sweep.

Help in security sweep.

Lay wire from aiming circle to TM-184,
and help set up OE-254.

Monitor NBC detection equipment.
Position M8A1 chemical agent detector
upwind of selected position if advance

party brings M8A1 forward.
Monitor M8A1,

Guide platoon
from release
point (RP) if
necessary.
Guide vehicles
into service area
if necessary.

POC or FDC Guide

Help in security measures.

Help in security sweep.

Lay wire from TM-184 to POC or FDC
position.

Set up OE-254.

~tinn
n,

Rarnrd initial defle
NCLOIG hiua GEHITCu

A A
vertical angle on updated DA Form
5698-R.
Reconnoiter route from RP to section
position.
Compute terrain gun corrections.

Meet section at
RP, and guide it
to assigned
position.
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Table 2-2. Primary duties of advance party personnel (continued)

RECONNAISSANCE SELECT AND/OR ORGANIZE OCCUPATION
JOB PHASE PHASE PHASE
Gun Guides Help with security during Help in security sweep. Meet howitzer at
movement. Prepare section position. RP, and guide it
Lay wire from TM-184 to assigned gun to assigned
position. position.
Hold subtense bar or M16 to aid GSG in | Align weapon on
collecting TGPC information. azimiith of fire,
Record initial deflection, and pass it to and give gunner
section chief upon occupation. initial deflection.
Determine initial site to crest with M2
compass.
Reconnoiter route from RP to section
position.
Communications Help with security during Emplace TM-184. Meet section
Representative movement. Establish internal wire communications vehicle at RP,
for transmission of firing data. and guide it to
Establish communication with outposts, assigned position
and make wire drops to designated (unless
locations. communications
vehicle was with
advance party).

2-10. TAKING A FIRING
CAPABILITY FORWARD

Depending upon the mission and tactical situation, the BC
may direct that a howitzer section go forward with the advance
party. Reasons for taking howitzers forward may be:

o To confuse enemy moving target locating radars, as
part of the infiltration plan.

o T0 determine the suitability of the route and firing
position when conditions are doubtful.

e T0 conduct a registration or an offset registration.

2-11. MOVEMENT BRIEFING

- Friendly situation. Changes in tactical missions and
locations of friendly maneuver units and supporting

artillery.

o Mission: Changes in the mission of the supported
maneuver unit and supporting artillery.

e Execution;

- Concept of the o?eration. General location of the

hattery and/or platoon

ositions, azimuth of tire,

routes, order of march, location of start point (SP)

and RP and times.

- Mission-oriented protective
status.

posture (MOPP)

- Areas of known chemical and/or nuclear

contamination.

a. Before departing to reconnoiter the new position, the
BC briefs the platoon leaders and other key personnel on
the movement information.

o Administration and logistics: When and whereto feed
unit personnel, priority for maintenance recovery,
ammunition resupply, and refuel location.

e Command and signal:

- Command: Changes in location of the battalion
command post (CP?and battalion support operations

e Situation;

- Enemy situation. Rear area activity. Major avenues
of approach. Air activity. Potential ambush sites.

2-6
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center, and the location of battery commander. It
also includes a contingency plan if the BC does
not return or report back by a predetermined time
or event.

- Signal: Movement radio frequencies and net control
restrictions.  Signals for immediate actions at the
halt and during movement.

b. After being briefed by the BC, the platoon leader or
XO briefs the remaining key personnel by using the
movement order format in Figure 2-1.

2-12. ROUTE RECONNAISSANCE

a. After making a map inspection, planning the
reconnaissance, and briefing the necessary personnel,

the BC is now ready to make a ground reconnaissance.
Accompanied by the advance party, the BC or his
representative departs on the route reconnaissance.
The primary purpose of this reconnaissance is to
determine the suitability of the route of the units
movement.  Items to be analyzed include possible
alternate routes, cover, concealment, location of
obstacles, likely ambush sites, contaminated areas,
route marking requirements, and the time and distance
required to traverse the route.

b. Once these areas are analyzed, any information
considered pertinent should be sent back to the firing
unit. Radio traffic must be carefully monitored to
ensure that information does not compromise unit
movement.

1. Situation:
2. Mission:
3. Execution:

a. General

7 B k-1 N

b. Organization.
¢c. Composition of column.

d. Instructions.

(1) Air observers.

(2) Reconnaissance element.
(3) Route markers.

(4) Start point.

(5) Checkpoints.

(6) Rally points.

(7) Release points.

(8) Route of march.

(9) Alternate routes.

(10) Lights

e. Unblocked ambush.
f. Blocked ambush.
g. Air attack.

h. Artillery attack.

i. Hip shoots.

4. Administrative instructions:
a. Ammunition.
b. Fuel
c. Food.
d. Maintenance.

5. Command and communications:

a. XO's or platoon leader’s and FDO’s
locations.

b. CFB's or platoon sergeant’s location.
c. BC’s location.

d. Battalion or battery headquarters location.

o

Other locations
vther locations.

f. Signals:

(1) Unblocked ambush.
(2) Blocked ambush.
(3) Air attack.

(4) Hip shoot.

(5) NBC attack.

(6) Artillery attack.

(7) Radio.

Figure 2-1. Movement order format
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Section Il

SELECTING THE NEW POSITION

2-13. POSITION SELECTION
CONSIDERATIONS

The BC selects a battery position or two firing platoon
position areas and the battery trains area (if needed). Once
the general areas have heen determined, the gunnery sergeants
conduct the detailed RSOP of their respective position areas
and select alternate and supplementary positions. Position
selection considerations are discussed below.

a. Mission. This is the most important consideration. The
position must facilitate tire throughout the maximum area
of the supported maneuver force.

b. Communications. ~ The position must facilitate
co(rjnmumcatlons with stations within assigned and monitored
radio nets.

¢. Defilade. Defilade is protection from enemy observation
and direct fire weapons by use of a terrain mask. Defilade
positions should be used; however they should not be so
close to the mask that low-angle fire capabilities are restricted.

d. Defensibility. The position should facilitate both active
and passive defense so that it:

o Can be entered without enemy observation.

o Offers effective cover and concealment, with emphasis
on concealment. Also, survivability positions can also
be dug by engineers to enhance both cover and
concealment.

o Avoids high-speed enemy approaches.

e Has more than one entrance and exit route, preferably
in the rear of the position.

e. Trafficability. Soil should be firm enough to support
all vehicles.

f. Weather. The effects of weather on terrain must be
considered.

g. Survey Control. Survey must be established or it must
e available in a short amount of time.

2-14. TYPES OF POSITIONS

The BC or platoon leader must select primary, alternate,
and supplementary positions.

a. A primary position is one from which the firing element
will accomplish its assigned mission.

b. An alternate position is the one to which the unit moves
in case its primary position becomes untenable. Since the
unit will continue its mission from the alternate position, it
must meet the same requirements as the primary position
and should be far enough away to escape the effects of
enemy indirect fire on the primary position. It should be
reconnoitered and prepared for occupation. Each section
chief must know the route to the alternate position, because
movement to that position may be by section.

cC.A suPpIementary position is one selected for
accomplishment of a specific mission, such as offset
registration, adjustment with a roving gun, or defense of
the primary position.

(1) Supplementary position(s) for defense should be
selected to cover likely enemy avenues of approach.

(2) Position(s) for offset re%istrations and roving guns
should be far enough away so that counterfire will not affect
the primary position.

Section Il

ORGANIZING THE NEW POSITION

2-15. ADVANCE PARTY
PREPARATIONS

a. Having arrived in the new position area, the advance
?arty conducts a security sweego and prepares the position
or Occupation. The purpose of the advance party security
sweep is to perform position area reconnaissance to confirm
its suitability for occupation by the main body in accordance
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with METT-T and the absence of enemy, mines, booby traps,
NBC hazards, and so on. Natural cover must be used to
the maximum. Security is continuous throughout advance
party operations.

b. The advance tparty is not normally manned or equi;l)\i)ed
to clear areas of organized enemy activity, mines, or NBC
hazards. If these threats or conditions are present in the
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proposed position area, the advance party breaks contact
with any enemy forces or marks minefield and hazards and
moves on to find another position area.  The battery
commander can coordinate for additional assets, or augment
the advance party with internal assets, to provide the
additional ability to clear areas of small enemy forces,
obstacles, and minefield.

¢. The following are some tactics, techniques, procedures,
and considerations units should incorporate when performing
advance party security sweeps.

(1) Maximum use of the senses:

(a) Sight. Advance party members look for:
o Enemy personnel, vehicles, and aircraft.
o Sudden or unusual movement.
o Smoke or dust.
e Engine exhaust fumes.
o Unusual movement of farm or wild animals.
o Vehicle tracks.
e Signs or evidence of enemy occupation.
o Recently cut foliage or vegetation.
o Lights, fires, or reflections.
o Muzzle flashes.

(b) Hearing. Advance party members listen for;
e Running engines.
e Track sounds.
o \oices.
o Metallic sounds.
e Gunfire.
o Dismounted movement through brush or woods.
(c) Smell. Advance party members smell for:
¢ Cooking food.
o Vehicle exhaust.
o Burning petroleum products.
e Burning tobacco products.
d. Advance parties use reconnaissance methods that they
have trained and rehearsed in detail. The correct

reconnaissance technique will maximize security and mission
accomplishment.

(1) Mounted reconnaissance of a position area should
be used when:

o Terrain is open and provides maximum visibility.
o Time is limited.
o Very detailed reconnaissance is not required.
o Minefield and obstacles in the area are not expected.
o Enemy contact is not likely.
The advantages of a mounted reconnaissance include:
o Speed.

o The use of the advance party vehicle, depending on
which type of vehicle is used (radio, GPS, possible
armor protection, firepower).

o Easy to break contact and move on.
The disadvantages of a mounted reconnaissance include:
o Loss of stealth,
o L0ss of some reconnaissance detail.
(2) Dismounted reconnaissanceis used when:
o Detailed reconnaissance is required.
o Maximum stealth is necessary.
o Enemy contact is expected or likely.
o Terrain is restrictive or is surrounded by wooded areas.
o Time is not limited.
o Mines are likely in the area.
The advantages of a dismounted reconnaissance include:

o Allows the advance party to obtain detailed
information about the position area.

o Less chance of enemy stay-behind forces remaining
undetected.

o Allows for maximum security of the advance party.
The disadvantages of a dismounted reconnaissance include:
o Time consuming.

o Difficult to overwatch entire advance party with a
crew-served weapon.

o Advance party is removed from the support of their
vehicle (comm, GPS, and so on).

o More difficult to command and control.

~ (3) In reconnaissance by fire, advance parties place
direct tire on positions where there is a reasonable suspicion
of enemy occupation; the goal is to cause the enemy to

2-9
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disclose his presence by movement or returning fire.
Advance parties use this technique when enemy contact is
expected and time is limited. Reconnaissance by fire does
not work in all cases. For example, disciplined troops in
prepared positions will not react to the advance Party’s tires.
Some situations in which reconnaissance by fire may be
employed include:

o Bunker complexes that mayor may not be occupied.
e Existence of an obvious enemy Kill zone.
o Signs of recent enemy activity.

Key considerations for reconnaissance by fire include:

o Indirect fire is very difficult to coordinate and requires
much more time o execute and control.

o Direct fire will disclose the advance party’s location.

e Requires a high.degree of situational awareness to
?.nsure that no friendly units are fired upon or return
ire.

(4) Some situations might dictate a combination of
mounted and dismounted reconnaissance.  In any case,
battery commanders and gunnery sergeants can use the
following guidelines to ensure maximum security and mission
accomplishment;

o Always use an element with appropriate firepower to
overwatch the reconnaissance party.

o f possible, use prominent terrain to gain a vantage
point to visually sweep the area with binoculars or
night vision devices prior to entering.

o If dismounting, select a concealed, secure, dismount
site well outsicle the position area.

o Develop and rehearse a contingency plan for each
security sweep.

e. The following are positioned in the battery or firing
platoon area:

o Howitzer locations.
e The aiming circle.
e FDC or POC.
e MX-155 or TM-184 terminal strip.
e MBAL automatic chemical agent alarm.
f. If the battery supﬂort elements are present, they will be

positioned with full consideration for survivability and
operability as the tactical situation dictates. FM 6-20-1
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resents information and guidance on determining positions

or CSS elements.

2-16. FORMATIONS

a. The factors of METT-T must always be considered when
howitzers are emplaced. The main emphasis is on mission
and enemy. The artillery will most likely face a general
threat of counterfire, air attack, ground attack, and radio
electronic combat. To counter that threat, the BC or platoon
leader must consider techniques such as dispersion,
movement, hardening, and concealment when selecting
positions for his howitzer.

b. The enemy counterfire threat and air attack threat may
be so great that the BC or platoon leader will consider
dlspersmgi his howitzers over a large area and maximizing
the natural cover and concealment offered by the local terrain.
This type of howitzer positioning is called terrain gun
Bosmonmg (Figure 2-2). The capabilities of the LCU and

attery computer system (BCS) to compute individual piece
locations have enhanced terrain gun positioning.

¢. The enemy ground attack, guerrilla, and special forces
threats may cause the BC to position the howitzers in a
tight and defensible position area. Key personnel in the
battery must consider hardening and unit defense. The
diamond formation in platoon-based units él_:lgure 2-3) and
the star formation in battery-based units (Figure 2-4, page
2-12? are optimal in these circumstances. They provide
excellent 6400-mil firing and unit defense capabilities.

d. Linear formations such as the "line" and "lazy W" can
best be used during situations such as emergency and hasty
occupations which require immediate fire support. These
formations provide an optimum standard sheaf in the target
area and offer excellent command and control. However,
they are vulnerable to air attack. Position improvement such
as dispersion and concealment should be considered as time
and the tactical situation permit.

e. The bumper number of a particular howitzer section is
associated with each howitzer number (1 through 8). This
association does not change from position to position. If a
howitzer becomes disabled or lost en route to a new location,
its associated howitzer number and all other howitzer
numbers do not change. For example, once a weapon is
designated Number 7, 1t remains Number 7. The LCU and
BCS are initialized with individual howitzer muzzle velocity
data which corresponds to a specific howitzer. Use of this
procedure allows convenience in referring to pieces based
on location and at the same time eliminates the requirement
to vary the data base in each position. The howitzers are
numbered from right to left and from front to rear when
facing the azimuth of fire.
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AIMING

/i CIRCLE 1

Figure 2-2. Terrain gun positioning

400 METERS .

-~

]
.

Note: A 3 x 6 platoon-based organization would
be minus one howitzer (Gun 3).

Figure 2-3. Diamond formation
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100 METERS

-

METERS

Figure 24. Star formation

Section 1V
PREPARATION FOR OCCUPATION

2-17. DAYTIME OCCUPATION

a. The BC finalizes his plan of occupation. He gives priority

to performing those tasks that facilitate immediate fire
?ulﬁ)po_rt. The plan is not limited to, but should include, the
ollowing:

o The general location for the FDC or POC and howitzer
positions.

o The azimuth of tire materialized by a terrain feature
or by pointing his vehicle in the direction of fire.

e Entrance and exit points and guidance to the gunnery
sergeant for the track plan.

e Guidance on the scheme of defense.

2-12

o Location of the ground guide pickup point.

b. The first sergeant or gunnerr sergeant establishes the
track plan, organizes the vehicle dispersal area, selects a
position for each element in the service area, and plans the
defense of the position. Considerations are as follows:

(1) Use existing roads.
(2) Select separate exit and entrance routes.

(SR_ Ensure routes follow natural terrain features such
as gullies and tree lines and take advantage of natural overhead
cover and concealment.

(4) Brief vehicle ﬁuides on the track plan. If
concealment is critical, the gunnery sergeant may dictate
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the exact route of each vehicle. In SP units, sharp J)ivoting,
which will disrupt ground cover, must be avoide

¢. The gunnery sergeant does the following:

_ %) He sets up and orients the aiming circle where it
will have line of sight to the howitzers. If survey is available,
he directs the survey team to emplace an orienting station
(ORSTA) where it will have line of sight to the howitzers
and an end of orienting line (EOL) where it can be easily
identified from the ORSTA. Additionally, he briefs the
survey team on any markmg requirements, in addition to
unit SOP, necessary for the EOL. He then sets up the aiming
circle over the ORSTA and verifies survey, by measurmg
the azimuth to the EOL gdlrectlon) and map spot/GP
(position and altitude), before releasing the survey team.

(2) As soon as the gun guides emplace panoramic
telescope (pantel) marking stakes, the gunnery sergeant
measures and records the initial deflection to each stake and
records the azimuth (az) to the howitzer on DA Form 2698-R

(Figure 2-5). Priority is to announce the initial deflection
to each gun guide over the wire line to check communications.
If wire 1s not in, gun guides will come to the aiming circle
and record the initial deflection. The gun guide gives his
initial deflection to his gunner and section when the platoon
arrives.

83) He determines the distance and the vertical angle
(VA) to each howitzer (see Chapter 4).

(42 Having determined the deflection, VA, and distance
from the aiming circle to each weapon, the gunnery sergeant
glves the data (Sngre 2-5} to the FDC representative. The

ata are applied to the M-17 plotting board for computation
of TGPCs (see Appendix D).

(5) He obtains site to crest and piece to crest range
from each gun guide. He then determines XO's min QE for
the lowest preferred charge the unit expects to fire in the
position. Add a 20 mil safety factor to allow for the accuracy

of the M2 compass.

WEAPON LOCATION DATA

For use of this form, see FM 6-50; the proponent agency is TRADOC.

ORIENTING STATION

EASTING
AZIMUTH OF FIRE NORTHING
ALTITUDE
AZIMUTH VERTICAL
HOWITZER | METHCD T0 . DISTANCE ANGLE
NUMBER OF LAY DEFLECTIONS HOWITZER (METERS) (MILS) GRID
1

2
3
4 SAMPLE
5
8

'AOF + DF = AZ TO HOW
ADD 3200 IF RED NUMBER IS USED (M12 ONLY)
SUBTRACT 6400 IF SUM EXCEEDS 6400

DA FORM 5698-R, AUG 88

Figure 2-5. Weapons location data

2-13
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d. Each gun guide does the following: be over the hole left by the pantel marking stake. The proEer
emplacement of the pantel marking stake and guide stakes

(1) He emplaces the pantel marking stake in the @ for SP units is shown in Figure 2-6 and for towed units in

designated location. This stake marks the location of the Figure 2-7,
pantel of the weapon.

(2) He stops the weapon parallel to the guide stake or (3) Lays wire from the TM-184 to his cannon position
tape so that when the weapon is emplaced, the pantel will and hooks up to his TA-312 telephone.

GUIDE
STAKES
FRONT J
'
AZIMUTH /
OF /
FIRE K

; PANORAMIC

/ TELESCOPE
/ Il' MARKING
STAKE
REAR P
REAR HOWITZER SIGHT
ALIGNED OVER
PANORAMIC
TELESCOPE
STEP 1 STEP 2 STEP 3 MARKING STAKE

Figure 2-5. Use of stakes for seIf-pro‘pelled weapons

AZIMUTH ‘
OF ’
FIRE ;7 j
J 2,
i p
(T

PANORAMIC

TELESCOPE

MARKING
STAKE

STEP 1 STEP 2

HOWITZER SIGHT
ALIGNED OVER
PANORAMIC
TELESCOPE
MARKING STAKE

Figure 2-5. Use of stakes for towed weapons
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(4) Receives and records the deflection to his pantel
marking stake.

~(5) He helps the GSG determine the distance from the
aiming_circle to his grun position.  The primary means of
determining distance from the aiming circle to each howitzer
position is the subtense method, With this technique, the
gun guide positions a 2-meter subtense bar (see Table 5-6,
page 5-16) or M-16 rifle (see Table 5-7, page 5-17) over
the pantel marking stake while the GSG measures the angle.
If necessary, the gun guide paces the distance from his
howitzer position to the aiming circle and reports the distance
to the GSG. He double-checks the distance by pacing back
from the aiming circle to the pantel marking stake.

I\@ He determines site to crest by using the M2 compass
or M2A2 aiming circle (see chapter 4). He then determines
piece-to-crest range and relays site to crest and piece-to-crest
range to the GSG.

(7) He walks the track plan as directed by the GSG.
He walks the selected route from the battery or platoon entry
point to the howitzer position and makes sure that there are
no obstacles. He uses the existing roads and trails. Selected
routes should follow natural terrain features, such as gullies
and tree lines, and should take advantage of cover and
concealment.

‘ G(8) He takes up a defensive position as directed by the

~(9) He and the other %un uides assemble at the pickup
point when directed by the GSG.

e. The FDC or POC representative does the following:

e Emplaces the TM-184 (when the communications
representative is not present).

o Lays wire from the TM- 184 to the FDC position.
o Guides the FDC or POC vehicle into position.
e Erects the OE-254 antenna.

o Over asecure radio, relays survey and lay data to the
main body.

f. The communications representative does the following:
e Emplaces the TM-184.

e Ensures that all other wire lines are laid, tagged, and
properly connected to the TM-184, and layS wire to
the aiming circle.

e Assists with erection of the OE-254 antenna.

Note: ~ The communications representative’s first
priority is to establish internal wire communications to
transmit firing data. His second priority is to establish
communications with outposts and make drops at
various other locations the GSG indicates.

2-18. LIMITED TIME PREPARATIONS

a. When the advance g)arty has limited time to preEare a
position, the BC or GSG must establish priority tasks. As
a minimum, he must ensure the following;

(1) Cannon positions are selected.
(2) Aiming circle is set up.

(3) Cannon positions are preEared, to include pI_ac_i_n?
ngovthzer and pantel marking stakes and recording of initia
eflections.

(4) Minimum essential internal wire communications
are established.

_(5% Attempt is made to pass survey and lay data to the
main body.

b. Duties are decentralized. As soon as the BC or GSG
?Ieler;ts the position, the gun guides select positions for their
owitzers.

c. The battery commander’s or GSG's driver is left at the
release point to guide the entire platoon into position. Gun
guides meet their vehicles as they approach their positions.

d. The FDC or POC representative and the GSG conduct
their normal duties as much as time permits.

2-19. NIGHT OCCUPATION

Night occupation priorities are similar to daylight
occupations. However, they require more planning, more
time, and additional techniques to ensure a smooth and orderly
occupation.

a. Gunnery Sergeant. The GSG is especially concerned
with noise and light discipline, security, and communications
between advance party members.

b. Gun Guides. Guides must be thoroughly briefed and
should Bace their routes before and after darkness. They
should be equipped with filtered flashlights to guide the
vehicles. Color coding of individual howitzer sections will
facilitate section identification during night operations
(example:  first or fifth section-blue, second or sixth
section-red, third or seventh section-yellow, and forth or
eighth section-green). Light discipline must be controlled.

2-15
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2-20. SECTION CHIEF'S REPORT

a. DA Form 5969-R (samples in Figures 2-8 and 2-9)
enables the platoon leader to consolidate information in
preparation of his report and in his determination and
verification of the minimum QE. The report should contain

o Crest object (such as a tree or ridge line).
e Minimum quadrant elevation.

e Maximum quadrant elevation.

o Left and right deflection limits.

the following information:

o Date-time group (DTG).
o Howitzer number and bumper number.

o Azimuth of fire.

o Lay deflection (from the lay circle or other howitzer

number).

o Distance from the lay circle to the howitzer.
o Site to crest (in mils).
o Distance to crest (in meters).

o Propellant temperature.
e Sensitive items.

o Ammunition status, which consists of Brojectile types,
square weights, amounts, and lot numners; fuze types
and amounts; and primer types and amounts.

b. The report is required for each position area or firing
point occupied. For centralized control of the reﬁort, the
section chief will submit the report directly to the FDC.
The position commander and FDO will take necessary
actions.

SECTION CHIEF'S REPORT

(For 105-mm, 155-mm, and 203-mm Howitzers)
For use of this form, see FM 6-50. The proponent agency is TRADOC.

GENERAL DATA
DTG HOWITZER NUMBER]BUMPER NUMBER JAZIMUTH OF FIRE JLAY DF METERS
101420 / B-17 |0600 2653 137
SITE TO CREST PIECE-TO-CREST RANGE _ |[NATURE OF CREST oF
+87 _wis|300  werens| TREE 3513-3528

[SITE TO CREST . |PIECE-TO-CREST RANGE  |NATURE OF CREST DF

+184  ws| 700 werers | HILL 3072-3140
SITE TO CREST [PIECE-TOCREST RANGE _ [NATURE OF CREST 1oF

MILS METERS |
MIN QE MAX QE LEFT DF LIMIT _ |RIGHT DF LIMIT . |PROPELLANT TEMPERATURE
1268 |36140 | 2819 +37

SENSITIVE ITEMS

ves o @ M2 COMPASS SER/&#I 486 LOST LAST POSITION
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Figure 2-8. Sample section chief’s report (front)
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PART Il. AMMUNITION STATUS FOR 155-MM HOWITZERS
PROJECTILES PROPELLANTS FUZES
HE i 168 LoT MH43(C|M3A1 GREEN BAG M577 M565
5 [174 LoTMHNSB8|30LoTRADSIC] Lot 5 6
WP 86 LoTBC 43H|m482 WHITE BAG m564 M739
L Lot 79coTINDS/K]_ Lot 68 56
He <] LOT M119A1 CHG 8 WB m582 M732
O] LOT LOT | Lot 18 24
] LoT M119A2 CHG 7 RED BAG M728  [MsT7 |
RAP
[e] LoT LoT | Lot
=] LoT M203 CHG 8S RED BAG
M (<] LOT LOT | ot
boeicn 1G] LoT M203A1 CHG 8S RED BAG PRIMERS
] LoT LoT | Lot me2 109 |
ADAM o LoT ILLUM )
o] LOT 6 LoT519M] Lot
kaamsl—& LOT REMARKS
T & LOT
SMK 16 [¢] 5 LoTMC83J
WP
[M825] E LOT
PART lll. AMMUNITION STATUS FOR 203-MM HOWITZERS
PROJECTILES PROPELLANTS FUZES
=] LOT M1 GREEN BAG M557 M739
(<] LOT LOT | Lot
TZI- LOT M2 WHITE BAG MS564 Ms65
[e] LOT LOT | Lot
E LOT M188 CHG 8 WHITE BAG mS77 M582
L] LOT LOT | ot
] LOT M188A1 CHG 8 AND 9 WHITE BAG{M728 M732
_=

Figure 2-9. Sample section chief’s report (reverse)
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Section V
TACTICAL MARCHES

2-21. METHODS OF MOVEMENT

A tactical march is the movement of a unit or elements of
a unit under actual or simulated combat conditions. There
are several methods of moving the platoon in a tactical
configuration. Each method has its specific advantages and
disadvantages. The BC or platoon leader decides which
method or combination of methods is best. The methods
discussed in this section are open column, close column,
infiltration, and terrain march.

2-22. OPEN COLUMN

The open column road movement is used for daylight
movements when there is an adequate road network that is
not overcrowded, when enemy detection is not likely, when
time is an important factor, and when there is considerable
travel distance involved. Vehicle interval in an open column
is generally 100 meters.

a. Advantages of this method are as follows:
o Speed (the fastest method of march).
o Reduced driver fatigue.
o Improved vision on dusty roads.
e Ease in passing individual vehicles.

o Ease in dispersing vehicles as a passive defense
measure against an air attack.

e Less chance of the entire unit being ambushed.
b. Disadvantages of this method are as follows:
o Greater column length requires more road space.
o Other traffic often becomes interspersed in the column.
o Communication within the column is complicated.

2-23. CLOSE COLUMN

For close column movement, the vehicle interval is less than
100 meters. At night each driver can observe the "cat-eyes"
of the blackout markers on the vehicle in front of him and
maintain an interval of 20 to 50 meters (F|?ure 2-10). If
the driver sees two marker lights, the interval is too great.
If the driver sees eight marker lights, he is too close. If
the driver sees four marker lights, he is maintaining the
proper interval. During daylight, close column is used when
there is a need for maximum command and control; for

2-18

example, during periods of limited visibility or when moving
through built-up or congested areas.

a. Advantages of this method are as follows:
o Simplicity of command and control.
o Reduced column length.
e Concentration of defensive firepower.
b. Disadvantages of this method are as follows:
e Column is vulnerable to enemy observation and attack.

o Strength and nature of the column are quickly apparent
to enemy observers.

e Convoy speed is reduced.
o Driver fatigue increases.

TOO FAR

MORE THAN
§0 METERS

JUST RIGHT

50 METERS
TO 20 METERS

PYr) eSS

Figure 2-10. Blackout markers (cat’s-eyes)
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2-24. INFILTRATION

When the platoon moves by infiltration, vehicles are
dispatched individually or in small groups without reference
to a march table. This technique Is time-consuming and
the vehicles are difficult to control. It is used when the
enemy has good target acquisition means and quick reaction
capabilities.

a. Advantages of this method are as follows:
e Least vulnerable to hostile observation.
o Ideal for covert operations.

o Provides passive defense against air and artillery
attack.

e Deceives the enemy as to the size of the unit.
b. Disadvantages of this method are as follows:
o Time-consuming.
o Most difficult to command and control.
o Small elements are more vulnerable to ground attack.
o Individual vehicles may get lost.

2-25. TERRAIN MARCH

The terrain march is an off-road movement. A unit using
this type of movement should travel close to tree lines, along
gullies, and close to hill masses (see Figure 2-11). A terrain
march should be conducted when enemy observation or
interdiction by artillery fire or air attack is likely. A platoon
may move safely on a road for some distance and change
to a terrain march at a Ipomt where enemy observation
becomes likely or vehicle congestion provides the enemy
an Inviting target.

a. Advantages of this method are as follows:

» Strength and nature of a column are difficult to
determine.

o Avoids traffic.
e Provides passive defense against air and artillery attack.

b. Disadvantages of this method are as follows:
o Displacement time may be increased.
e Ground reconnaissance is required.
o Soil conditions may complicate this type of movement.

o Improper movement leaves wheel or track marks to
the new position.

e Extensive coordination is required to avoid traveling
through other unit areas.

¢. The battery using the terrain march may move in oFen
or close column or by infiltration. The battery can displace
either als a unit or by echelon. Continuous fire support is
essential.

Figure 2-11. Terrain march
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Section VI
PREPARING FOR MOVEMENT

2-26. ORDERS

The details given in a march order depend on the time
available, the tactical situation, and traffic conditions. The
order may be supplemented by strip maps, sketches, and
march tables. The main items in a march order are hased
on fthﬁ hattery commander’s reconnaissance order. They are
as follows:

o Situation.
e Mission.
o Destination.

e Organization, to include order of march and
composition of the column.

o Instructions from the XO or platoon leader to the main
body. These should include start point, checkpoints,
designated rally points, release point, times for arrival
at and clearance of these points, rate of march, vehicle
interval, route of march, order of march, and review
of immediate actions to take in case of trouble.

o General instructions re%ardinﬁ restrictions on use of
roads, maximum ﬁ)eed of march units, catch-up speeds,
alternate routes, detours, use of lights and any special
instructions regarding march discipline or defense
against air or ground attack.

o Communication instructions regarding the use of radio,
messengers, flags, whistle or horn signals, pyrotechnic
signals, and hand and arm signals.

2-21. LOAD PLANS

A load plan prescribes efficient loading of personnel and
equipment for movement.  Each vehicle should have one.
Agood load plan is insurance that a unit will move into
the new position with all its equipment. The load plan for
a vehicle must be such that the equipment most essential
to the mission is loaded last. The load plan should be recorded
and graphically portrayed. Load plans should be identical
between like sections within the same battalion. The load
plan should be combat configured (complete roundsh based
on the "Po to war" basic load. Steps in preparing the load
plan include the following:

e Examining the battery TOE to determine the personnel,
equipment, and vehicles authorized for each section.
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e Carrying non-TOE property in the section responsible
for using it.

o Listing the personnel and equipment to be carried in
each vehicle. Equipment should be located to facilitate
identification under blackout conditions.

o Practice loadings to test the validity of the load plan.

o Establishing a list of items that must be removed from.
Ejh_e Kﬂde and carried forward if the vehicle becomes
isabled.

o Using load plans. Operator manuals and Appendix
E of this publication present examples.

o Indicating that howitzers and ammunition vehicles
use separate camouflage nets.

2-28. MOVEMENT PREPARATIONS

When the command PREPARE TO MARCH ORDERIs
%lven,_everythlng possible will be done to quickly displace
the unit. However, these actions must not h_amPer the ability
to continue to deliver tire. Actions may include, but are
not limited to, the following:

a. Stow section equipment,

Note: The collimator and any equipment or item
forward of the howitzers remains in place until receipt
of the final command MARCH-ORDER.

b. Upload all ammunition.  Transload ammunition from
the ammunition vehicle to the howitzer to allow maximum
ammunition availability at the next position.

¢. Stow camouflage nets.

]g. I_h(;ad all service elements (mess, maintenance, and so
orth).

e. Ensure that security is continuous.

2-29. ORGANIZATION OF THE COLUMN

The organization of the hattery or platoon column varies
accordmg to the tactical situation, the threat, and the position
area to be occupied.  The following points should be
considered:

a. In areas where enemy attack is probable, the cannons
should be dispersed throughout the entire column.
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b. If feasible, there should be two air guards per vehicle.
One scans the sky forward of the vehicle while the other
scans the sky rearward.

¢. Machine guns should be distributed evenly throu?hout
the column and should be aimed alternately to the lett and
right sides of the route of march.

d. Unit instructions should specify that some personnel fire
3-5 round bursts and some personnel fire on semiautomatic
to maintain continuous fire.

e. The NBC detectin? and mqnitorinﬂ equipment should
be located with the lead vehicle of the convoy. The unit
could upgrade its MOPP level during movement.

Section VII
CONDUCTING THE MARCH

2-30. MARCH DISCIPLINE

a. Officers and NCOs ride where they can best control the
march. The senior person in each vehicle is responsible for
ensuring that all orders concerning the march are carried
out.

b. Key personnel should disperse throughout the column.
This should preclude losing a disproportionate number of
these persons as a result of enemy action.

¢. The column must keep moving. Procedures for the ﬁ_ick
up of mission-essential personnel and equipment if a vehicle
breaks down should be indicated in the unit SOP. For
example, the driver stays with the vehicle and the maintenance
representative stops to help. If the disabled vehicle cannot
be repaired in a reasonable time or recovered by the platoon,
the position and condition of the vehicle are reported to the
BC for recoverh/. The maintenance representative must
proceed along the route of march as soon as possible to be
available to the rest of the platoon.

d. Each vehicle commander is responsible to watch for
signs, markers, signals, and other traffic.

e. The specific objective of march discipline is to ensure
intelligent cooperation and effective teamwork by march
personnel. Teamwork includes the following:

o Immediate and effective response to all signals.
o Prompt relaying of all signals.
o Obedience to traffic regulations and control personnel.

e Use of cover, concealment, camoufla%e, dispersion,
blackout precautions, smoke, and other protective
measures against air, ground, armor, and NBC attack.

o Maintaining correct _Sﬁeeds, positioning, and intervals
between vehicles within the column.

o Ability to recognize route marking signals and signs.

2-31. CONVOY CONTROL MEASURES

The control measures discussed below help in convoy
movement;

a. The start point is normally a geographical feature
identifiable on the ground and on a map. The first vehicle
of the convoy must cross the start point at the SﬁeCIfled
start time. The BC is responsible for determining the route
to the start point and the time it will take to get there. If
the unit is displacing as part of a battalion move, the start
point is also the |iJomt at which control of the marching
element is normally assumed by battalion.

b. Normally, a checkpoint s a geographical feature
identifiable on the %round and on a map. It'is used in reporting
progress along the route of march. It may be used as a
target when planning fires in defense of the convoy.

¢. Normally, the release point is normally a geographical
feature identifiable on the ground and on a map. The last
vehicle of a convoy must cross the RP at the specified time.
The BC is responsible for determining the route from the
RP to the new position area. If the unit is displacing as
part of a battalion move, the RP is also the point at which
control of the marching element is regained by the platoon.
The BC or GSG may send a vehicle from the advance party
to the release point to lead the unit into the new position
area.

d. A pickup pointis a location, normally within the
position, where the gun guide meets the howitzer and guides
it into position.

e. Normally, a rally point is a geographical feature
identifiable on the ground and on a map. It is used as a
point of assembly and recovery from dispersion due to enemy
attack. The designated rally point(s) should be located near
or on the alternate route to the new position.

f. Route marking aids in the move. The route-marking
detail marks the route by posting signs and/or personnel at
those critical locations where elements of the march might
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make a wrong turn. Details concerning traffic control and
route marking are presented in FM 55-30 and FM 19-25.

g. Predetermined signals should be established to aid in
convoy control. Colored flags in daylight and flashlights
at night can aid in simple but important communications
within the column. (See FM 21-60.)

2-32. HALTS

a. During administrative marches, halts are made at regular
intervals or at selected sites. They allow Personnel to rest,
to service the vehicles, and to check the loads. Normally,
halts are not scheduled for tactical marches.

b. During extended vehicle marches, wooded areas, built-up
areas, and appropriate terrain should be selected as halting
places. They provide concealment and do not present a
straight line of vehicles for attack by enemy aircraft. Avoid
_stopp!ngi near crossroads, railroads, and other easily
identifiable reference points.

2-33. MARCH COLUMN CONTINGENCIES

a. Immediate Action Procedures.A unit must always
assume that it is a high-priority target and vulnerable to all
kinds of attack while moving. Preplanned immediate actions
can decrease vulnerabilit>(. In establishing immediate action
Procedures, the BC or platoon leader should consider the
ollowing:

e The enemy situation-with what he expects to be
attacked.

o The organic resources for countering the different types
of attack.

e The nonorganic support available for countering
attacks.

o The amount of time available for t_raininfg the platoon
in the particular immediate actions (for example,
infantry squad tactics in response to a blocked ambush).

e The t)g_)e of communications to be employed with the
immediate actions-flags, radio, arm and hand signals,
and so forth.

o How best to neutralize the attack.
o Planned tires along the route of march.

In all cases of enemy attack, conduct immediate action
ﬁrocedures and then report the situation to higher
eadquarters.

b. March Column Under Artillery Attack. The
immediate actions in defense against hostile artillery fire
are to move out of the danger zone, report the situation to
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higher headquarters, and request immediate counterfire. If
a platoon expects hostile artillery tire during the march, it
can reduce its vulnerability by moving-

o By open column or infiltration.

o Under the cover of darkness or during other periods
of reduced visibility.

o By terrain march.

¢. March Column Under Air Attack. In the event of
an air attack, all available personnel should engage the aircraft
immediately. On order of the convoy commander, the
column either disperses or halts. If ordered to halt, vehicles
should disperse alternately off both sides of the road. A
high-performance aircraft cannot be engaged effectively by
leading it with low-volume, independent small arms fire.
As the aircraft approach, all personnel fire their weapons
in thef?w to form a wall of bullets through which the aircraft
must fly.

d. Roadblocks. An element may be halted bg a roadblock.
The maximum amount of firepower available, including
howitzer direct fire, should be ﬁlaced immediately on the
roadblock and on both sides of the roadblock. If nonorganic
support, such as close air support, covering artillery, or armor
is available, it should be called on immediately to help. If
the roadblock cannot be neutralized, the unit must try to
disengage under cover of supporting fires.  Upon
disengaging, the element should meet at a designated rally
point and resume its march by an alternate route. An attempt
to crash vehicles through a roadblock before it is checked
for mines may result in unnecessary losses and a complete
blocking off of the road by disabled vehicles.

e. Ambush.

(1) There are two types of ambushes-blocked and
unblocked. Both must be countered in the same manner-get
out of the kill zone, neutralize the ambushing force with
firepower, and report.

_ &a) Blocked ambush. If the route is blocked, maximum
available fire should be placed immediately on the attacking
forces. Personnel in the kill zone should immediately dismount,
attack as infantry and report. Staying in the kill zone is the worst
course of action. The portion of the element that is not in the kill
zone must also react immediately. There are few ambushing
forces that can equal the organic firepower of an artillery unit.
Use the howitzers to place fire on the ambushing force; then roll
up the flanks of the enemy.

%b) Unblocked ambush. In an unblocked ambush, the
element should increase speed and move through the ambush
area while placing the maximum amount of small arms and
automatic weapons fire on the attackers and report.
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(2) A consideration in employment of the main
armament of the howitzer from the kill zone is that the
targets may be too close for proper fuze action. Only the
105-mm antipersonnel round (M>546) can be set for muzzle
action to engage targets close to the weapon.

(SLIf the area was identified during the map inspection
as a likely ambush site, on-call fires are executed. Otherwise,
a fire request is sent immediately to the battalion FDC.

(4) If the ambush or any other enemy action is of such
magnitude as to cause the column to break up, individual
elements should proceed to the new position or designated
rally point on their own.

2-34. OTHER MOVEMENTS

a. Detailed descriptions of the various ty?es of movements
and marches are In the following manuals:

e FM 55-30, which includes information on the
organization of motor movements, the movement of
personnel, and the planning of motor movements.

e FM 100-50.

e FM 101-10-1, which includes planning guidance for
movements.

b. When the unit moves by rail, air, or water, it normally
moves as an element of the FA hattalion or with a supported
unit. In any case, the battery receives detailed instructions
in the form of a movement order or pertinent extracts from

* * * *

EXTRACT

the movement order. A warning order alerts the battery
and gives enough information of the impending movement
for the battery to make plans and to take the necessar

preliminary action. The references listed below provide
adequate information for the following types of movement:

o Movement by rail-FM 55-15, TM 55-601.

e Movement by air—FM 55-9, FM 55-12, FM 90-4,
and FM 101-10-1.

e Movement by water—FM 55-15 and FM 101-10-1.

2-35. MOVEMENT PROCEDURES

The BC ensures that movement procedures are included in
the unit SOPs. He should consider the following items before
establishing a movement SOP:

e Tips on establishing a realistic movement SOP
(paragraph 2-41).

o References identified in this chapter.

e STANAG 2041 and QSTAG 520, Operation Orders,
Tables and Graphs forRoad Movement (see FM 55-30
for applicable details).

STANAG 2154 and_?STAG 539, Regulations for
Military Motor Vehicle Movement by Road The
applicable details of this agreement to be included in
unit SOPs are extracted from STANAG 2154 and
are shown below.

* *

STANAG 2154 (Edition 6?_|
REGULATIONS FOR MILITARY MOTOR VEHICLE MOVEMENT

* * * *

5. Composition of Columns.

BY ROAD

* *

a. A column may be composed of a number of organized elements.

b. Each organized element includes:
(1) A commander whose location may vary.

(2) In the first vehicle: a subordinate commander known as the pace setter.
(3) At the end a subordinate commander known as the trail officer.

C.Are _ortin% officer* is to precede each column. His fiction is to report the details of the column to each
traftic control post or border crossing point as applicable.

d. A reporting officer* (who may be the trail officer) is to be appointed to report to each traffic control post
once the column has passed, giving details of any occurrences including vehicle casualties.

e. Each vehicle must have a vehicle commander, who may be the driver. He is responsible for both crew

discipline and the execution of the mission.

* May be of any rank as considered appropriate by the column commander.
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6. Identification of Columns.
a. Movement Number (Example at Annex A).

(1) Each column which has been allocated a movement credit must be identified by a number known as the "movement
gum%er.'_‘ This number identifies the column during the whole of the movement, including the crossing of national
oundaries.

(2)  The movement number is to be glaced on hoth sides of each vehicle. It must be permanently legible, from ground
level, at a minimum distance of 6 meters in normal daylight.

(3) The movement number must be white or yellow and remain legible in all weather during the whole movement. It
must be removed as soon as the movement is completed.

b. Minimum Lighting and Flagging.
(1) In peacetime, headlights of all vehicles moving in the column must be on at all times (low beam).
(2) The first vehicle of each element must display a blue flag mounted on the front left-hand side of the vehicle.
(3) The last vehicle of each element must display a green flag mounted on the front left-hand side of the vehicle.
(4) The column commander should display a white and black flag at the front left-hand side as indicated below:

(5) The driver of a broken down vehicle must remove the flag(s) and filter (light) and if technical assistance is required,
a yellow flag is to be attached to the vehicle so that it is visible to approaching traffic.

(6) Flags must be approximately 30 cm (12 in) x 45 ¢cm (18 in) in size.
(7) To obtain legal rights for column movements for different countries, see Annex D.

7. Movement Credit. A movement credit is issued by the National Movement Staff or the appropriate authority, on
whose territory the movement starts. The credit Is coordinated by that staff or authority with the movement staff
or authority of another nation where the crossing of international boundaries is concerned. It is required for:

a. Columns of vehicles in accordance with national regulations (see Annex C).
b. Outsize or heavy vehicles in accordance with national regulations (see Annex B).
¢. Inthe case of border crossing movement, see STANAG 2176.
d. Hazardous cargo (in accordance with national/military regulations).
8. Special Requlations for the Execution of Movement.
a. Halts.

(1) thort halts made by columns normally are to last 10 minutes and should be taken where possible after every 2 hours
of operation.

(2) Long halts made by columns for at least 30 minutes must always be specifically plotted on road movement graphs.
(3) The movement control staff can give additional instructions concerning time, duration and/or place of halts.
(4) Particular attention is to be paid to the following aspects of traffic discipline during halts:

(a) When making a halt, single vehicles, or vehicles forming part of a column, should move off the
roads as much as possible.

(b) If this practice cannot be observed, the commander of a column which is halted must take all necessary
measures to facilitate movement of other road users and to avoid accidents or traffic jams. The
measures to be taken will vary according to conditions and the width of the road and should include:
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I. Warning at sufficient distance from the front and rear of the column (guards, warning flags,
lights or flares).

ii. Organizing and directing a system of one-way traffic along the column.
b. Overtaking of Columns.

(1) Single vehicles are authorized to overtake columns during their halts or if there is a large speed differential. Vehicles
may only overtake if it is safe to do so.

(2) Columns may only be authorized to overtake other columns by the movements control authorities and, if so, the
overtaking maneuver has to be supported by traffic regulation personnel.

(3) A column without movement credit may overtake another column in the following circumstances:
(2) When the other column is halted and it is safe to do so.

(b) When the column commander of the leading column gives clear intention that the following column
may overtake and it is safe to do so.

¢. Road Movement of Outsized or Heavy Vehicles/Equipment (Special Movement). Special application for the
movement of outsize or heavy vehicles must be made hefore movement credits are %ranted. National restrictions,
above which special application to move must be made, are contained in Annex B.

d. Tactical Situation.

(1) On principle, the directions from the local police and from the military police must be obeyed. In times of crisis
or in wartime the tactical situation may require a deviation from one or more regulations laid down in this agreement.
Such situations may occur for the units in case of immediate danger of enemy threat.

(2) In times of crisis or in wartime, night movements will also have to be accomplished without or with restricted
lighting (black out li ht_mgz) depending on the situation, with due regard to regulations in force to the host nation.
It'is desirable that a device be incorporated in the vehicle lighting switch, in order to Prevent the driver inadvertently
SW|(tth_|ng on driving lights, passing lights or direction indicators while the vehicle is operating under black out
conditions.

*x*

*

ANNEX A TO STANAG 2154 (Edition No. 6)
REGULATIONS FOR MILITARY MOTOR VEHICLE MOVEMENT

BY ROAD
TERMS AND DEFINITIONS
* * * * * %* %k

2. Terms and Definitions used for the purpose of this Agreement.

a. Column. A group of vehicles moving under a single commander, over the same route, at the same time in
the same direction.

b.  QOrganized Element. Marching groups, convoys, packets (STANAG 2155 refers).

. Movement Number. Number, allocated to a movement by the movement control staff responsible for the issue
of a movement credit. The movement number should comprise:

(1) Two figures indicating the day of the month on which the movement is due to commence.

(2) Three or more letters indicating the movement agency issuing the movement credit, the first two letters being the
national symbols of the movement agency (see STANAG 1059).

(3) Two or three figures indicating the serial number of the movement.
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(4) One letter to identify the element of the column (this is optional).

Example below: 1 5 N L A 41 D

d. Special Movement. Road movement of vehicles/equipment with or without load which requires movement
credit because of class, dimension or movement restriction based on national requirements.

e. Trail Officer. A subordinate commander in each column who travels at the rear of the column. His duties
are to be determined by the column commander. His duties may include:

(1) Reporting type and location of dropped-out vehicles.
(2) Organizing the safety measures at the rear of the column required at halts.
(3) Observing and reporting column discipline.

*

ANNEX B TO STANAG 2154 (Edition No. 6)

*

REGULATIONS FOR MILITARY MOTOR VEHICLE MOVEMENT BY

*

ROAD

SPECIAL MOVEMENT

All vehicles/equipment exceeding dimensions or qualifications listed below must be considered as special movement and
need road movement credit (see Annex C).

*

*

all measures in meters
Country width length in meters total class
(including [ single |combined| articulated vehicles | motor height mLC
.allpro- | vehicles | vehicles | (tractor and trailers) | coach | (including
jections) (prime total | length of load)
and semi | length of [ one unit
vehicles) train
BE 2.5 12 156.50 18 11 12 4 <50
CA(2) 2.6 12.2 20.0 23.0 — 12.2 4.5 ?
DA 2.5 12 15.50 18 12 12 3.60 <35
FR 2.5 11 15 18 11 12 — <50
GE 2.5 12 15.50 18 12 12 4 —
GR 2.5 —4 14 18 — 12 3.8 ?
IT 25 @ 15.50 ) 12 12 4 IREQ)
LU 2.5 ) 15 20 —4) 12 4 <40
NL 2.6 12 15.50 18 — 12 4 &
NO 2.5 12.4 15 18 — 12.4 3 <50
PO 2.5 12 18 12 12 12 4 <50
SP 2.5 12 16.5 18 — 12 4 ?
TU 2.5 10 14 16 — 11 3.8 ?
UK 2.5 11 —(19 18 ) (12) —13 <50
us 2.438 10.668 15.24 18.288 10.668 12.192 3.81 <50
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Explanatory notes
1. a. Generally in most provinces and designated highways, size limits exceed the limitations quoted;
h. In some provinces certain types of articulated trains are not permitted;

¢. Weight limitations are based on axle loads, axle spacing and tire size. They vary by provinces and designated
highways. Restrictions on weight may be imposed during spring thaws.

2. For vehicles and trailers with pneumatic tires the permissible axle load and the permissible total width must not
exceed the following values:

a. Single axle load
(1) single axles: 10.0 t
(2) single axles (live), except for two-axle busses: 10.0 t
b. Double axle load, taking into consideration the regulations for the single axle load:
(1) axle distance less than 1.00 m: 11.0 t
(2) axle distance 1.00 m to less than 1.30 m: 11.0 t
(3) axle distance 1.30 m to less than 1.30 m: 16.0 t
(4) axle distance more than 1.90 m: 20.0 t
¢. Triple axle load, taking into consideration the regulation for the single axle load and the double axle load:
(1) axle distance 1.30 m or less: 21.0 t
(2) axle distance more than 1.30 m to 1.40 m: 24.0 t

d. |TOt§| weight of individual vehicles, except for semi-trailers, taking into consideration the regulation for axle
oads:

(1) vehicles with not more than 2 axles:
(a) vehicles: 16 t
(b) vehicles with live axle according to point a(2): 17.0 t
(c) trailers: 18.0 t
(2) vehicles with more than 2 axles:
(a) vehicles and trailers: 24.0 t
(b) busses which are constructed as articulated vehicles: 28.0 t
(c) vehicles with 2 double axles, the centers of which are at least 4.00 m apart: 32.0 t
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e. Total weight of vehicle combinations (towing vehicles and semi-trailers) taking into consideration the regulations
for axle loads and individual vehicles:

(1)
(2
3
(

)
)
4)

vehicle combinations with less than 4 axles: 27.0 t

two-axle vehicle with two-axle trailer or semi-trailer: 35.0 t

other vehicle combinations with more than 4 axles: 34.0 t

vehicle combinations with more than 4 axles: 40.0 t

three-axle vehicle with two- or three axle semi-trailer which transports a 40 foot ISO container in combined

( : /0- 0 trar ;
freight tra?fic within the meaning of Directive 73/130/EEC on the determination of common rules for specific
transports in combined freight traffic between member nations in the version dated 28 July 1982 (Official EC
Bulletin No. L247, page 6): 44.0t

3. Motor vehicles with one rear-axle: 11 m (IT motor coaches excluded). Motor vehicles with two or more axles:

12 m.

4, 18 m:; less if turning radius (a) exceeds 12 m and/or circular crown of turning way (b) is more than 5.30 m.

(%

5. =<50; highways can be considered up to class 120; in peacetime forbidden for tracked vehicles.
6. Vehicles with:

a.laxle:7m:

b. 2 axles: 10 m;

¢. 3 or more axles: 12m.
7. Maximum:

total weight: 50,000 kg (50 tons);

single axle load: 10,000 kg (10 tons);

double axle load: 8,000 kg (18 tons);

: 20,000 kg (20 tons), axle distance>2.00 m;

triple axle load: 24,000 kg (24 tons).
8. 15 m; for container transporters a maximum length of 15.50 m is allowed.

9. Max. load per single axle; 13 t
Max. load per tandem axle: 21 t _
}:Two single axles separated 1.5 m or less are considered a tandem axle) _
rom a separation of 1.35 m down, the maximum limit of 21 t has to be reduced in 700 kg for each decrease
of 0.05 m In the distance between the twin axles.
Vehicles with two axles, max weight: 20 t
Vehicles with three axles, max weight: 26t
Vehicles with more than three axles, max weight: 38 t
Combined or articulated vehicles, max weight: 38 t
Max load density between farthest axles: 5 t per meter
Max pressure to the road: 9 Kg per square centimeter.
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10. InUK'there is no legal limit applied to the length of a semi-trailer, however, due to the constraints of the
Construct and Use Regulations (UK) which limit the maximum tractor/semi-trailer combination length to 15 m,
the semi-trailer-length cannot exceed 12.2 m; in practice this is reduced normally to 12 m.

11, 12 m; for trailers with 4 or more wheels and a distance between the heart of the two outmost rear axles of more

than three/fifth of the trailers overall length and provided that own weight of the tractor is 2030 kg or more;
otherwise the length of a trailer may not exceed 7 m.

12, 12 m for a motor coach fit up for more than 8 seated passengers which can turn within a circle of 24 m diameter.

13. 457 m; for a large motor coach as described at note (12). For motorlorries there is no limit, but certain vehicles

over 3.658 m height must carry a notice stating height infeet and inches in the cab. Bridge heights on secondary
roads allow vehicles up to 3.962 m height.

* * * * * * *

ANNEX C TO STANAG 2154 (Edition 6)
REGULATIONS FOR MILITARY MOTOR VEHICLE
MOVEMENT BY ROAD
TABLE LISTING THE MINIMUM NUMBER OF VECHICLES FOR WHICH
A MOVEMENT CREDIT IS REQUIRED

* * * * * * %*
NATION BE|CA|DA| FRI GE|GR| IT | LU| NL| NO| PO| TU| UK| US

Number of | Peacetime |20 |31 [20 |20 |31 [1 10 {20 110 |4 10 |1 5
vehicles Wartime 20 |31 J20 j20 |31 |1 10 |20 [10 |4 10 |1 5 6

]

* * * * * * *
LEGEND:
BE = Belgium LU = Luxembourg
CA = Canada NL = Netherlands
DA = Denmark NO = Norway
FR = France PO = Portugal
GE = Germany TU = Turkey
GR = Greece UK = United Kingdom
IT = ltaly US = United States
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* * *

ANNEX D TO STANAG 2154 (Edition 6)
NATIONAL MARKING OF COLUMNS AND LEGAL RIGHTS

Country BE and DA

1. Flagging

See 6.b. "Minimum lighting and flagging".

2. Lighting

See 6.b. “Minimum lighting and flagging”.

3. Legal rights

None.
Country GE

1. Flagging

a. Columns (_:onsistinq of three or more vehicles are to be marked by flags.  All vehicles except for the last
vehicle display a blue flag. The last vehicle displays a green flag.

b. If a column is separated in several independent elements and if the distance between the last vehicle of the
following element exceeds the distance ordered between the individual vehicles each element of the column is
to be marked by flags according to the provisions for a column.

2. Lighting

Also during the day the headlights of all vehicles moving in column must be on.

3. Other provisions

In order to warn the following rapid traffic on highways and freeways the last vehicle may displaﬁ an _
lan]rgldjre{:u%nal amber light, or if this light is not available the last vehicle may display operating hazard warning
ights instead.

4. Legal rights

2-30

Closed formations moving in column must leave gaps for the remaining traffic at appropriate intervals. Such
traffic must not interrupt the column at any other point. ~ Hence follows that a closed formation or an element
thereof is to be considered one road user. That also applies at crossings and junctions. If a part of the formation
has already moved into a crossing, the next vehicle must not wait when a vehicle api)roac es on the road with
right-of-way or from the right. It is, however, not justifiable that that right of way is called upon without warning
the remaining road users.

The warning tasks (no traffic regulation) may be accomplished by military police forces or other military personnel
unless police forces regulate the traffic. Military police forces or military personnel detailed for warning must be
clearly recognizable as military traffic posts (warning posts), e.g. by brassards or respective clothing.

When accomplishing their tasks, military traffic posts are to use the same signals as prescribed for traffic regulation
by police forces (STANAG 2025). Other signals to warn road users-where necessary and appropriate-mnust,
however, not be excluded. Warning of the other road users must not be accomplished as a traffic regulation
function. Only the German Police has traffic regulation authority over civilian road users.
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The priority rights of closed formations must not be called upon if:
o the traffic is regulated in another way by police forces;

o other road users call upon priority by displaying a blue flashing light together with a signal horn. Such vehicles must
always be given free way;

o a threat to other road users cannot effectively be prevented by traffic regulation by police forces, warning by military
police forces of other military personnel detailed for that tasks. That applies esPec_laIIy if the traffic is regulated hy
alternating lights, permanent lights (traffic signals) or by the traffic signs "Stop! Give way” or “Give way!".

Country GR
1. Flagging
a. See 6.b. “Minimum lighting and flagging”;

b. The driver of a broken down vehicle must remove the flag and filter (light) and, if technical assistance is
required, a yellow flag is to be attached to the vehicle so that it is visible to approaching traffic.

2. Lighting
a. The first vehicle of each element must display a blue filter on the front left-hand side headlight or a blue light;

b. Tlhehltast vehicle of each element must display a green filter on the front left-hand side headlight or a green
ight.

3. Leqal rights

If part of the column/element, complying to the above stated national requirements, has already moved into a
crossing, the next vehicles have right of way. This right should be excercised with necesssary caution. Civilian
drivers are not to disturb or obstruct a column.

Country: NL
NL requirements for marking of columns in peacetime only:

1. Flagging

a. Tvpllo bllf]e_ fllags displayed on the first vehicle of an element mounted on the left- and right-hand front side of
the vehicle;

b. One blue flag displayed on each following vehicle of an element, except for the last vehicle, mounted on the
right-hand front side of the vehicles.

2. Lighting
a. Headlights (low beam) of all vehicles moving in column must be switched on at all times;
b. Each vehicle except the last of each element must display a blue filter in the front right-hand side headlight;
¢. The last vehicle of each element must display a green filter on the front right-hand side headlight.

3. Legal rights

If a part of the column/element, complying to the above stated national requirements, has already moved into a
crossing, the next vehicles have right of way. This right should be exercised with necessary caution. Civilian
drivers are not to disturb or disrupt a column.

2-31



FM 6-50, MCWP 3-1.6.23

Country: NO

1. Flagging

2-32

a. See 6.b. “Minimum lighting and flagging”;

b. One '_si?n displaf/ed on the front-side of the first vehicle and one sign displayed on the rear-side of the last
vehicle of an element stating "MILITAER KOLDNNE" (black capital characters on a white board).

Lighting

See 6.b. "Minimum lighting and flagging".

Leqgal rights

Columns complying to the above stated national requirements have right of way. Civilian drivers are not to
disturb or obstruct a column.

Country: SP

Flagging

See 6.b. "Minimum lighting and flagging". _ S _
A red flag must be displayed on vehicles carrying explosives or ammunition, dimensions are not required.

Lighting

See 6.0b. "Minimum lighting and flagging". In order to warn the following rapid traffic on highways and freeways
the last vehicle may display an omnidirectional amber light.

Other provisions

A hazard triangle must be displayed at the front of the first vehicle and at the rear of the last vehicle:

Legal rights [ uNIDAD MILITAR |
None. (MILITARY UNIT)
Country: UK
Flagging
In the UK the national regulations do not recognize column flagging of any sort.
Lighting
See 6.b. "Minimum lighting and flagging".
Legal rights
None.
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Section VIII
OCCUPYING THE POSITION

2-36. TYPES OF OCCUPATION

This section describes three types of occupation-deliberate,
hasty, and emergency. Also, the key functions performed
in laying and readying the battery or platoon for firing and
for sustaining operations are addressed. Regardless of the
typ_etof o%lcupatmn, local security must be established and
maintained.

a. A deliberate occupation is one that has been planned.
The advance party precedes the unit and prepares the position.
The occupation may be during daylight hours following a
daylight ﬁrefparatlpn, at night after a daylight preparation,
or at night following a nighttime Freparaﬂon. A common
error in a deliberate occupation is allowing too much activity
during preparation, thereby risking compromise. Onlly the
minimum number of vehicles and personnel should go
forward. When the tactical situation allows, a very good
method of occupying a new position is to do the advance
preparation prior to darkness and move by night. Nighttime
movement oII_owmgba nighttime reconnaissance is often
necessary, but it can be more time-consuming.

b. The hasty occupation differs from the deliberate
occupation mainly in the amount of time available for
reconnaissance preparation. ~ Generally, it results from
unforeseen circumstances. The hasty occupation begins as
a deliberate occupation, but due to limited time for advance
party preparation of the next position, it becomes a hasty
occupation. It reinforces the importance of the battery
commander’s planning ahead and establishing priority tasks.

¢. An emergency occupation results when a call for fire
is received while the battery or platoon is conducting a tactical
movement.

2-31. DELIBERATE OCCUPATION

aA Puide meets the battery or platoon at the pickup point
and leads the vehicles to the entrance of the ﬁosmo_n area.
There the vehicle guides are waiting to lead the vehicles to
their selected locations.

b. Each gun guide aligns his weapon on the azimuth of
fire and gives the initial deflection to the gunner.

¢. Intrabattery communications are used for laying.

d. The GSG implements the security and defense plan as
personnel become available.

e. Other considerations for night occupations areas follow:

(1) Light discipline must be practiced. Proper
Prep_aratlon for a night occupation will minimize the need
or I|Phts. Vehicle blackout drive and blackout marker lights
should be turned off as soon as the ground guide has begun
to lead the vehicle into position. During the laying process,
only the aiming circle (AC) and the weapon being laid should
have any night lights on.

(2) Noise discipline is most important, since noise can
be heard at much greater distances at night.

(3) The time for occupation is increased.

o (42] Each vehicle guide should know where his vehicle
is in the order of march so the platoon can move smoothly
into position without halting the column.

(5) Filtered flashlights are used to lead the vehicles.

CAUTION

Each driver must stop his vehicle whenever he cannot
see the light from the guide’s flashlight.

(6) Vehicles will not move within the position without
a guide.

2-38. HASTY OCCUPATION

In a hasty occupation, day or night, the platoon requires
more time to occupy. This is because some preparatory tasks
were not accomplished due to the limited time available.
This may result in the following:

o Delay in getting the vehicles off the route of march.
e Laying by voice.

o Increased laying time, since gun guides mi?_ht not
have aligned the stakes on the azimuth of fire or
obtained initial deflections.

e Increased FDC Preparation time because not all
initial updated location data will be available.

2-39. EMERGENCY OCCUPATION
a. General.

(1) The nature of the emergency occupation requires
a modification of the normal procedures used to occupy and
lay. The procedures apply to all artillery units, towed and
self-propelled.
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(2) The key to success for the mission is a
well-rehearsed SOP.

(3) The XO or platoon leader must know exactly where
he is at all times during a road march. He must constantly
be selecting possible emergency mission f|r|n% positions by
map and visual reference. If possible, the BC or gunnery
sergeant should identify suitable position areas for emergency
missions along the route while ﬁerformlng his reconnaissance
and pass this information to the platoon leader or XO.

b. Actions Upon Receipt of the Mission.

§1) The XO, platoon leader or FDO receives the call
for fire and does the following:

o Authenticates the mission.

o Ensures FDC personnel monitored the call.
o Notifies the driver.

o Signals the convoy.

o Selects a firing position and passes the proposed
coordinates to the FDC personnel.

o Determines the best method to lay the unit. In order
of preference, the methods areas follows:

- Grid azimuth method.

- Howitzer backlay method.

- Aiming point-deflection method.
(2) The FDC does the following:

- Determines the azimuth of fire.

- Starts computing initial data. See Appendix
F for BCS emergency occupation
procedures.

¢. Communications. Data must be passed quickly and
efficiently. The small unit transceiver (if available) is an
effective tool. Wire can be used if the battery internal wire
S)éstem Is designed for very rapd emplacement. In the
absence of these systems or it some elements are not
operational, all key personnel must have relays and/or runners
in position to get data as they become available. For example,
as each nonadjusting howitzer is emlplaced, a relay should
move |mmed|ateIK to the aiming circle to get his deflection.
Another runner should get firing data from the FDC.

d. Aiming Points. Aiming points will be established in
the following priorities:

o Distant aiming point (DAP).
o Collimator.
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o Aiming posts.

e. Security. In M109A3-5 units, for security, the M992
should automatically disperse in a semicircle from the right
front around the rear of the position to the left front. They
should be well outside the gun line and not be a factor in
line of sght between the aiming circle and the howitzer.
In towed weapon units where ammunition is carried
separately, the prime mover should move to the rear as soon
as possible to reduce line-of-sight problems and congestion.
Administrative vehicles and their occupants should move
into security positions.

f. Position Improvement. ~ Upon completion of the
mission, the tactical situation dictates whether the unit moves
on or continues position improvement, The unit should make
the five requirements for accurate predicted tire a priority.
l@%/l rréo;r% gietalled discussion of the five requirements is in

g. Teamwork. There are few tactical activities which
require more teamwork than an emergency occupation.
Everyone (drivers, gunners, relays, chiefs) must know his
job and do it qutomatlcaléy. Remember, engmes will be
running, and if success depends on a leader shouting
commands and directives to untrained personnel, the mission
will surely fail.

2-40. SUSTAINING ACTIONS

a. Once the occupation is completed and the unit is ready
to answer calls for fire, sustaining actions begin. They are
continuous and done in the priority determined by the BC
or platoon leader. These actions may include the following:

o Improve position defense plans.
o Improve camouflage.

o Bury and overhead wire lines.

o Harden critical elements.

o Perform maintenance.

o Rehearse reaction forces.

o Conduct training.

o Resupply all classes of supply.
o Complete position area survey.
o Be prepared to march-order.

e Improve the technical solution to meet the five
requirements for accurate predicted fire.

b. Care must be taken in the way ammunition is resupplied
and vehicles are refueled, particularly in SP units. These
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activities can reveal the location of the battery. If possible,
these tasks should be done at night.

¢. The advance party should always be prepared to leave
at a moment’s notice.

2-41. TRAINING TIPS

a. During combat, a unit keeps proficient in those skills
that are used day-to-day. I not used or practiced, skills
that may be required later can be lost. Consideration should
be given to conducting training during combat lulls. Such
training will ensure that a platoon stays able to perform all
skills required.

b. Training in convoy operations and immediate action
procedures should conform to the unit SOP. This will ensure
that personnel are adequately trained to cope with situations
that may confront them.  Some considerations for
establishing a training program are discussed below:

(1) Establish a realistic movement SOP. It should
conform to battalion SOPs and should cover, as a minimum,
the following:

o Approval authority for displacing the battery or
platoon.

o Duties of convoy commanders.

e Convoy organization.

o Weapons and ammunition to be carried.

e Hardening of vehicles.

o Protective equipment to be worn by personnel.

o Preparation of vehicles (detailed instructions regarding
tarpaulins, windshields, and tailgates).

e Counterambush action.
o Drills in reaction to air or artillery attack.
o Security measures.

o Maintenance and recovery of disabled vehicles.
e Any scheduled refueling and/or rest halts.
o Establishment of rally points.

~ (2) Stress estimating and maintaining the specified
interval between vehicles, especially if the column halts.
Put interval-marking signs on your motor pool exit to help
train drivers,

c. Teach the drivers to habitually evaluate the terrain in
light of the cross-country mobility of their vehicles. Even
in a well-developed area with a good road net, a driver ma
be required to make an off-road detour to bypass a roadbloc
or a section of dama%ed highway. The habit of constant
terrain evaluation enables him to make a quick decision and
select the most practical route promptly.

d. Practice terrain movement in small elements.

e. Practice immediate action. Include vehicle breakdowns,
equipment transfer, and vehicle repair or recovery. Many
such items can be in the SOPs.

f. Practice blackout movements to accustom the drivers to
using the blackout lights. As they become proficient, restrict
them to "cat’s eyes" only.

g. Consider the following tips for increasing the
unltshcapablllty for rapid and secure tactical vehicle
marches.

(1) Do not limit training to those times when the entire
unit is available. Whenever two or more vehicles are going
to the same place, conduct the movement as a tactical march.

2) Find out how fast the unit can travel, both on and
off the road, without losing the slowest vehicles. (Putting
thie slovslest vehicles up front will automatically pace the
column.

33) As a planning guide, on roads and trails the battery
or platoon will average 25 kilometers (km) per hour in an
op%?) column and 10 km per hour in a close column (at
night).

2-35
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CHAPTER 3
BATTERY DEFENSE

This Chapter implements STANAG 2113, STANAG 2047/ QSTAG 183, and STANAG 2934, Chapter 13/QSTAG 503.

Section |
INTRODUCTION

3-1. THREAT CAPABILITIES

The enemy will direct actions against the field artillery to
suloPress, neutralize, and/or destrgy our capability to fight.
Al field artillerymen must know and apply passive and active
defense measures against artillery, air, and ground attacks
if they are to survive and provide continuous and responsive
fire support.

a. Detection. The enemy will try to detect FA elements.
Detection is done through the study of our doctrine and the
processing of signals intelligence ﬁS_IGINT , Imagery
Intelligence (IMINT), and human intelligence (HUMINT).

(1) Signals Intelligence.

(a) Using signal intercept and radio direction finding
(RDF? eguipment, the enemy collects various tlequency
modulated (FM) and amplitude modulated (AM) transmissions.
Through triangulation, the enemy frees the signal. FM monitors
are closer to the forward line of own troops (FLOT) because of
the limited range of FM radios; AM radio direction finding
monitors follow the fmt echelon. About 25 seconds after
communications begin, the enemy targeting sequence can continue
even if our communications stop. Within 2 to 3 minutes the
information can produce a jamming mission, fwe mission, or a
combat mission. Tactical FM radios operating on low power can
be picked up b%/ enemy RDF units at distances in excess of 10
kilometers. High power signals can be detected at distances up
to 40 kilometers. However, directional antennas will improve
survivability.

() Other targeting means are radars, sound, and visual
target detection teams. Radars can detect firing weapons within
100 meters or less. Higher trajectories produce more accurate
results. Seismic and sound ranging can produce targets with a
target location accuracy of 1 percent of range up to 10 km (error
of 100 meters). However, their accuracy is diminished by other
battle noise and they are affected by weather and the soil. Unaided

visual observations depend on line of sight and their accuracy
varies. Visual, sound, and radar collectors are commonly organic
to the front line units; and immediate targeting can be expected.
About 10 percent of enemy detection of friendly artillery is by
RDF; sound and flash provide about 20 percent and radar and/or
visual assets provide the remaining 70 percent.

(2) Imagery Intelligence. This effort is normally
coordinated, cued by other sensors. It consists of
photo?rap_hlc electro-optical imagery, thermal detection,
radar location, and laser imagery. The product from these
sensors may require laboratory processing. Data may have
to be transcribed to a map sheet durlnﬁ the analysis. The
Froc_essmg of IMINT requires no more than 2 hours. Target
ocation errors from IMINT will be no more than 100 meters.

(3) Human Intelligence. Lon% range patrols, spies,
E'artlsans, and enemxprlsonerso war (EPWs) are the
UMINT collectors. Although HUMINT relies primarily
on visual ohservation, the peculiar equipment, predicted
activities, bumper markings, spoils of the war, and rubbish
that is left behind, add to the accuracy of the targeting effort.

b. Attack. A battery can be suppressed and destroyed by
the following:

e Counterfire. Enemy attacks with up to 600 rounds
fired into a 200- x 100-meter area (see FM 100-2-1,
page 9-23).

o Air attack (high-performance aircraft and helicopters).

o Ground forces (mounted forces of tanks and motorized
infantry; dismounted forces of infantry, airborne and/or
air assault, and partisans and/or guerrillas).

o Radio electronic combat (REC). REC combines
SIGINT, direction tinding, intensive jamming,
deception, and destructive fires to attack enemy
organizations and systems.
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3-2. BATTERY RESPONSIBILITIES

a. The BC is responsible for general planning, coordination,
and execution of his battery defense. The BC analyzes the
§2's IPB and develops an overall defensive plan. On the
basis of the tactical situation, the BC must develop his own
engagement area based upon avenues of aBproach, lines of
intervisiblity, and the expected threat. The BC must be able
to conduct a modified terrain analysis of the position area
and surrounding terrain to determine from where the enemy
will attack. The BC must graphically portray to his leaders
how he intends to defend his position. With this as a
beginning, the platoon leader can develop a plan to defend
his platoon. He will coordinate with his platoon sergeant
for positioning of listening posts (LPs) and/or OPs, fighting
positions, direct fire targets, target reference points, or range
markers to direct the firepower of the platoon into the
engagement area.

b. The first sergeant is responsible overall for the execution
of battery defense. The first sergeant integrates the platoon
defense plans into an overall battery defense plan. This
may not be possible due to the distances platoons may be
dispersed from each other. If this is the case, the 15G will
review hoth platoon defensive plans and forward them to
battalion. He also will coordinate for resupply all Class IV
material and support as necessary.

Note: In a USMC battery, the local security chief is
gvferall responsible for the execution of battery
efense.

¢. Once the BC's time line and defensive priorities are
established, the platoon leader will coordinate with the
platoon sergeant to accomplish the following:

o Establish a rally point immediately upon occupation.
o Develop the platoon defensive plan.
o Supervise the defense forces.

o Direct and sight in the positioning and preparation of
the following:

- Crew-served weapons.
- Antitank weapons.
- Observation posts and/or listening posts.

e Ensure that communications are installed, checked, and
functioning.

o Designate air TRPs,
o Select positions for TRPs and range markers.
o Organize and rehearse the reaction force.

e Ensure that unit members know equipment and/or
material destruction procedures.

o Ensure that howitzer direct fire targets are established
and integrated into overall defensive plan.

e Ensure that killer junior targets are computed by the
FDC and distributed to each howitzer section and that
each section chief knows how to compute 10/R.

e Ensure there is a plan for medical evacuation.
d. The section chief does the following:

o Ensures that the howitzer range card is prepared
according to the sectors assigned by the platoon
sergeant/15G.

o Studies the route to and locations of alternate and
supplementary positions.

o Ensures that the crew-served weapons range cards are
prepared in accordance with assigned sectors.

e Ensures that individual and crew-served fighting
positions are properly prepared and have overhead
cover.

e. All battery leaders must become familiar with the defense

plan, rehearse the plan, and brief their subordinates on its

execution.

Section 1l
CONSIDERATIONS FOR DEFENSE

Note: Paragraph F-10 and Appendix H provide
further guidance and checklists for battery defense.

3-2

3-3. USE OF TERRAIN

a. Camouflage. If it can be seen, it will be hit. If it can
be hit, it will be killed. A battery that is concealed or cannot



FM 6-50, MCWP 3-1.6.23

be recognized has greatly increased its odds for survival.
There are six factors of recognition: P05|t_|on, color, shape,
shadow, texture, and movement. Following the principles
of concealment (camouflage construction, light and noise
discipline) helps the battery avoid detection.

(1) Use artificial camouflage. Two artificial
camouflage measures that reduce the chance of recognition
are pattern painting of equipment with the NATO three-color
patterns and proper use of the lightweight screening system.

~ (2) Properly site electronic equipment to reduce
signatures, and position all battery equipment to eliminate
exposure and detection.

(3) Make use of all camouflage. Trees and shrubs can
hide a battery or platoon. Built-up areas are great for hiding
equipment, because man-made items look like other
man-made items and do not contrast with natural
surroundings.

(4) Use whatever terrain and natural concealment are
available to blend into the surroundings.

(5) Maintain light and noise discipline.

(6) Use the track plan. The most common signs of
military activity in an otherwise well camouflaged area are
tracks, spoil, debris, and movement. The BC must enforce
his track plan. Existing roads and trails must be used. If
none are available, some should be created with heav
vehicles to 1gHve the appearance that a unit has moved throug
the area. The roads and trails must have logical starting
and ending points.

b. Fortification.

(1) OccuEy positions that have natural advantages for
defense, such as interior tree lines and ravines.

(2) Harden battery positions and dig in whenever
possible. FM 5-103 shows good examples of hardened
positions.

(3) Whenever possible, construct obstacles to delay,
stop, divert, or canalize an attack force. All obstacles should
be covered by fire. Types of man-made obstacles and
techniques for their employment are found in FM 5-103.

(4) In fast-moving situations, or when emergency
displacement is anticipated, hardening might be limited to
digging fighting positions on the perimeter, placing sandbags
around sensitive equipment such as collimators and tires,
and constructing individual shelters for prone personnel.
Placm% sandbags on or around the engine compartment and
the ballistic shield improves survivability of the howitzer.
If natural cover is limited or unavailable, individual fighting
positions should be constructed. FM 7-7 gives instructions

on how to construct fighting positions, machine gun positions,
range cards, and how to establish sectors of fire with
crew-served weapons.

(5) Camouflage the spoil from position hardening.

3-4. DEFENSE IN DEPTH

Defensive operations should be planned so that the BC and
platoon leaders are warned of an impending attack soon
enough to displace the unit or defend the position. Maneuver
forces operating in the same area can provide early warning
of enemy attacks. The BC should talk to these elements.
OPs and LPs are also key elements for early warning. When
determining the location of the OPs and/or LPs, consider
observation and field of fire, cover and concealment,
obstacles, key terrain, avenues of approach, and METT-T,
How far from the battery area OPs and LPs are located
depends on terrain, visibility, likely threats, and how much
time the battery requires to displace or occupy preselected
f|?ht|ng positions. Locate OPs to observe likely avenues
of approach so the enemy can be engaged at Ion% range
with artillery, mortars, or close air support. Man OPs with
at least a two-man team and provide them with antitank
weapons, a map, binoculars, night vission go%gles, food,
water, and two means of communications. OPs must be
able to quickly identify target reference points (TRPs) in
avenues of approach and communicate to higher. OPs must
be briefed on their responsibilities and the enemy situation.

3-5. SECURITY

The cannon hattery/platoon is highly vulnerable to attack
as it occupies or displaces from a position. The first order
of business is establishing security. Due to personnel
constraints, a unit may not be able to both fully man an
effective defensive perimeter and provide continuous fire
support. In accordance with the factors of METT-T, the
commander may consider alternatives such as requesting an
element from the supported maneuver unit, or “calling out”
one of his sections to man the perimeter.

a. Upon occupying a position, each section must have a
predetermined sector of responsibility. It must make
maximum use of primary weapons and ensure there is a
coordinated, all-around defense with interlocking fires. The
defense plan includes defensive resources gsee able 3-1,
page 3-45) and is wsual%y depicted by a defense diagram
#see Section I11). The defense diagrami is based on the data
for each howitzer and each machine gun range card. It
includes the fields of fire for grenade launchers, antitank
weapons, and individual weapons. The diagram is prepared
by the platoon sergeant and approved by the platoon leader.
If howitzer sections are dispersed over great distances, the
section becomes responsible for its defense. It must be able
to defend itself until help arrives.

3-3
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Table 3-1. Battery defensive resources
MINES THAT MAY BE ALLOCATED TO A CANNON BATTERY
Mine Type Range or Radius
M15 Antitank
M16 Antipersonnel 30 meters
M18 (Claymore) Antipersonnel 50 meters
M19 Antitank
M21 Antitank

Note: Sourceis FM 101-10-2.

WEAPONS THAT MAY BE AVAILABLE FOR MUTUAL SUPPORT

Weapons

Munitions

Cannons (indirect fire)

DPICM, HENVT, Q, smoke, illuminating, and FASCAM

Attack helicopters

TOW, 2.75-inch rockets, MG, and 40-mm and 20-mm cannons

USAF tactical air

Guns, bombs, rockets, napalm, missiles (Mavericks), guided bombs, and

cluster bombs (aii varieties)

Mortars

HE, WP, and illuminating

Naval gunfire

Armor piercing, HENT, Q, CP, and illuminating

NUMBER OF NIGHT OBSERVATION DEVICES IN FIRING BATTERIES

Device 155-mm Towed
105-mm Battery Battery 155-mm SP Battery
AN/PVS-7B (night vission goggles) 6 6 6
AN/PVS-5 (night vission goggles) 6 6 6
AN/PVS4 (night vision sight, tripod mounted) 4 4 4
WEAPONS ASSIGNED TO A CANNON BATTERY
Weapon Issue or Caliber Max Effective Range Reference Notes
M16A2 One per individual 800 meters FM 23-9 May select fully automatic or
o semiautomatic fire
M203 grenade launcher Per TOE 400 meters (area); 200 FM 23-9 M433 HEDP excellent
meters (point) against personnel carrier
M60 light MG: Per TOE 1,100 meters (600 meters | FM 23-65
[grazing])
Tripod mounted
Air defense 325 meters FM 23-67
M2 heavy barrel (50 cal): | One or two per Best used on tripod with
howitzer section (SP) traverse and elevating
Tripod mounted 2,430 meters (area); mechanism
1,800 meters (point)
Ring mounted 1,600 meters (area);
1,000 meters (point)
Air defense 728 meters
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Table 3-1. Battery defensive resources (continued)
Weapon Issue or Caliber Max Effective Range Reference Notes

M72A2 LAW; Issued as ammunition FM 23-33 Used in pairs
Target stationary 250 meters
Target moving 100 meters
AT4 500 meters
Cannons:
Direct fire (AP) 155-mm Minimum reliable range App |
Killer Junior (HE/T) 155-mm 500 meters +
APERS M546 105-mm Muzzle +
Direct fire (antitank) 155-mm/105-mm (See TM on weapon

system)
HE/Q 105-mm (See TM on weapon

system)
HEP, M327 105-mm (See TM on weapon

system) FM 44-18 Teams assigned from
Stinger Excess of 3,000 meters FM 44-3 battalion
Surface-to-air Vulcan Multibarrel 20-mm 1,200 meters FM 101-52-6

cannon

LEGEND
AP = antipersonnel (also APERS) LAW = light antitank weapon
app = appendix MG = machine gun
cal = caliber Q = quick
CP = concrete-piercing (fuze) T = tracer
DPICM = dual-purpose improved conventional munitions ~ TM = technical manual
FASCAM = family of scatterable mines TOW = tube-launched, optically tracked, wire-guided missile
HE = high explosive USAF = United States Air Force
HEAT-T = high-explosive antitank—tracer VT = variable time (fuze)
HEDP = high-explosive dual-purpose WP = white phosphorus
HEP = high-explosive plastic

b. The PSG or platoon leader will assign supplementary
positions and ensure that they are depicted on the defense
diagram. These positions will reinforce the primary position
and allow the unit to perform specific missions such as direct
fire. The signal to occupy suEpIementary positions must
be disseminated throughout the unit and the movement to
those positions should be rehearsed by the platoon leader
and platoon sergeant with all howitzer sections.

. If the platoon is attacked or penetrated by enemy forces,
the reaction force will respond by assembling at the
predetermined location to:

o Assess the situation and deploy to augment the existing
perimeter.

o Deploy using fire and maneuver to expel and/or destroy
the enemy.

o Notify the FDC/BOC of the situation as it develops.
e Re-establish the perimeter.

d. A suggested composition of the reaction force is as
follows:

o Reaction force NCO in charge; for example, the platoon
sergeant.

o One man per howitzer section.
o One man from the fire direction center or POC.

o One man from the communications section (if
available).

o One man from the maintenance section (if available
and in position).

Note: This is only a guide; actual SOP may be
different. The battery may also consider making one
howitzer section the reaction force. This ensures
that there is an NCO in charge and that the force
does not have to assemble to be effective; that is,

they are already assembled.
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3-6. DISPERSION

Dispersion minimizes the effects of an air attack or a
counterfire attack. When using this technique, units should
disperse, as a minimum, over a 200 by 400 meter area with
howitzers no closer than 100 meters apart. The FDC should
be positioned apfroximately 100 meters from either flank
howitzer. Figure 3-1 shows a platoon position with elements
not dispersed. Figure 3-2 shows a platoon position with
elements dispersed. Dotted lines in both figures indicate
the area normally covered by enemy counterfire.

Note: With the use of the BCS, and LCU, howitzers
can be accurately located over a widely dispersed
area of operation. Refer to Chapter 2 for further
discussion of weapons dispersion.

3-7. PRIORITIES

a. The BC or platoon leader may be instructed to continue
his mission in the position despite hostile counterfire. In
thgt casg, he might establish the following tasks in the priority
indicated:

o Harden critical items of equipment.
o Prepare individual fighting positions.
o Prepare defensive positions.

o Select alternate positions, displacement routes, and a
signal in case movement is unavoidable. Brief key
personnel on this information.

e Camouflage.

b. The BC or platoon leader may be instructed to displace
upon receiving fire. In that case, he would have a different
list in mind. For example, he might establish the following
tasks to be done before receiving incoming fire:

o Camouflage.

o Prepare limited protection for personnel and
equipment.

o Reconnoiter and/or select alternate positions,
displacement routes, and march-order signal.

o Prepare alternate positions.

3-6

o Prepare defensive positions.
o Improve individual protection.
o Improve equipment protection.

¢. The duties of the section members may be different if
they are ordered to continue the mission or displace on
receiving fire. Tables 3-2 and 3-3 (Eage 3-8) are samples
of duty breakdowns. ~ Actual work priorities should be
included in unit SOPs.

3-8. DEFENSE IN ALL DIRECTIONS

The enemy can attack from any direction; so the platoons

must be able to defend in all directions. Based upon METT-T,
the unit may consider dispatching patrols to maintain security.
ReferI to FM 7-8 for specific instructions on the conduct of
patrols.

3-9. MUTUAL SUPPORT

Mutual support is one unit helping another unit or one soldier
helping another soldier. Battery and/or platoon defensive
fire plan targets should be submitted to the battalion FDC
and updated as needed. Reports of any type of enemy attack
should be forwarded to the battalion as soon as possible
after contact is made to use mutual support. Within the
platoon, one section must be ready to support another section.
Apply the same concept to the individual soldier and you
can build a formidable defense. Range cards for crew-served
weapons are essential to a good defense. The BC or Platoon
leader should plan indirect fire targets for the defense of
his position. These might include illumination targets if
self-illumination is not possible.

3-10. CONTROL

All leaders must control their personnel and firepower before,
during, and after an attack so the correct actions can be
taken at the right time. Battery leadership should review
FM 71-1 for techniques of focusing and controlling fires.
Something as simple as what sections will suppress with
heavy machine guns, as others direct fire their howitzers,
will be difficult to control without rehearsing. The use of
range markers out to 1,500 meters or TRPs greatly enhances
the effectiveness of massing the fire power in a platoon or
hattery. Battery and platoon SOPs must be developed and
followed to maintain control.
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3-11. FLEXIBILITY

Figure 3-2. Platoon position, elements dispersed

No tight will ever go exactly as planned, so the BC and
platoon leaders must respond quickly to the unexpected.
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They must constantly evaluate METT-T and be prepared to
deal with situations that are not in the plan.

Table 3-2. Sample duties assigned (unit to maintain present position)

displacement route(s),
alternate position, and
signals to be used.

Supervise at
supplementary position;
assign members fo
crater analysis team.

Take cover, mask and/or
vest, and man defensive
positions as necessary.

Continue the mission.

Continue to improve
camouflage.

camouflage; for
example, use natural
vegetation.

Prepare supplementary
position.

defensive positions.

Selected members
prepare supplementary
positions.

ASSISTANT
SECTION CHIEF GUNNER GUNNER SECTION MEMBERS DRIVER
Prepare range card Sandbag the Install camouflage net. | Harden critical items of | Bury the wire.
collimator. equipment with
sandbags (M992, all
truck tires, and so forth.)
Brief personnel on Help with camouflage. | Continue to improve Prepare individual and Become familiar with

displacement route(s).

Help at supplementary
position.

1Crater analysis data should be reported by use of the shelling report (SHELREP), bombing report (BOMREP), rocketing report
(ROCKREP), or mortar bombing report (MORTREP) format outlined in FM 6-121 and STANAG 2008.

Table 3-3. Sample duties assigned (unit allowed to displace)

Brief personnel on
displacement route(s),
alternate position, and
signals to be used.

Supervise preparation of
individual and defensive
position.

Take cover; mask and/or
vest as necessary.

Continue the mission
while awaiting signal to
displace.

Displace as per prior
instructions.

Supervise preparation
of alternate position.

Supervise
improvement of
equipment protection.

vegetation.

Continue to improve
camoufiage.

Help at individual and
defensive positions.

Selected members
continue camoufiage
and prepare alternate
position.

ASSISTANT
SECTION CHIEF GUNNER GUNNER SECTION MEMBERS DRIVER
Prepare range card Sandbag the Install camouflage net, | Help with camouflage. Bury the wire.
collimator. and improve with

Become familiar with
displacement route(s).

Help at supplementary
position.
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Section Il
DEFENSE DIAGRAM

3-12. PURPOSE

The defense diagram graphicallfy portrays the position area
with respect to the azimuth of fire. The diagram shows the
position area, all section positions, all defensive positions
(including sectors of fire, TRPs, and adjacent units), and
key terrain. It is a key tool to ensure there is a defense
plan which can provide 6,400-mil coverage (if necessary)
for the battery. Also, this diagram is sent to battalion and
is used to develop a battalion defensive fire support plan.

3-13. CONSTRUCTION OF THE DIAGRAM

There are different methods for determining the location of
different points for the defensive diagram and constructing
the corresponding grid sheet. The LCU or BCS can simplify
the process of determining grid coordinates and altitude of
positions in and around the platoon or battery area.
Computations can be made by using the piece location format.
(See ST 6-40-31 or the applicable job aids for the steps.)

a. Constructing the Matrix. There are different methods
of constructing a matrix on which to draw your diagram.
The key is to pick a scale for your castin? and northing
grid lines which will enable you to plot all or most of the
desired locations. The FDC section has preprinted grid sheets
which are scaled to 1:25,000, Each %I’Id square represents
1,000 meters on these sheets. Examples of the scale interval
you could choose are as follows:

o 1:12,500-Each grid square represents 500 meters.

¢ 1:5,000-Each grid s%uare represents 200 meters
(Figure 3-3, page 3-10).

b. Constructing the Diagram. The steps to construct a
platoon diagram could be as follows:

o Construct the matrix (Figure 3-4, page 3-11).
o Add terrain features including dead space.
o Draw the azimuth of fire to orient the diagram.

o Plot the reqc ired positions (such as howitzers, TRPs,
FDC or POC, LPs or OPs, crew-served weapons, tank
killer team positions, and Killer Junior targets). Use
the grid coordinates obtained from the BCS, LCU,
PLGR, or from a map spot.

o Draw sectors of fire for howitzers and crew-served
weapons (Figure 3-5, page 3-12).

e Record the related information and grids on the back
of the defensive diagram (Figure 3-6, page 3-13).

o Verify that the defense diaﬁ_ram depicts the BC's
defensive plan and that it graphically portrays the range
card data to include TRPs, avenues of approach, and
so on. (See Figure 3-6, page 3-13)

3-14. DISPOSITION OF THE DIAGRAM

Based upon %uidance from the BC or 15G, the GSG begins
to construct the defensive diagram during the advance party
operations. Once the main body occupies the new position,
the GSG gives the platoon sergeant (platoon-based) or 15G
(battery-based) the diagram to be completed or to be checked
and verified. If the battery is a platoon-based unit, the 15G
will collect both platoon diagrams and integrate them into
the battery defensive diagram. The battery diagram is then
sent to the battalion TOC for further consolidation.

3-15. PREPARING RANGE CARDS

a. The platoon sergeant establishes the sectors of fire for
the crew-served weapons. When these sectors have been
determined and a33|%ned, a range card will be constructed
in duplicate, for each primary position. A range card will
be partially completed for each alternate and supplementary
position. Range cards are continually updated and revised
throughout the occupation of the position. Platoon or battery
TRPs must be on range cards. This allows the battery leaders
the ability to control and mass direct fire assets. The battery
leaders must verify the proper construction of all range cards.

(1) Howitzer range card. The DA Form 5699-R
(Howitzer Range Card) consist of two parts. A sketch of
the sector of fire depicts targets and reference points. A
data section lists data necessary to engage targets during
periods of limited visibility. Procedures for completing DA
Form 5699-R are as follows:

@) Hav_ln% been assl%ne_d a sector of fire, begin a sketch
of the area. Depict left and right limits and potential targets and/or
reference points in the SECTORS OF FIRE section. Identify the
targets and/or reference points in your sketch by numbering them
in order from the most probable to the least probable.

3-9
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(b) While sightin%along the bottom of the bore, direct
the giunner to traverse and the assistant gunner to elevate or depress
until the weapon is sighted on the left limit. Direct the gunner to
turn the head of the pantel, without moving the tube, onto the
collimator (or primary aiming point) and to read the deflection
(dlf) from the reset counter (or azimuth and azimuth micrometer

scales). Record this deflection on the range card in the space
marked LEFT DF. If the left limit is also a target, record the
deflection in the DF column on the appropriate line for the target

?unner to measure the quadrant and
record the quadrant. Complete the DESCRIPTION column by
annotating a brief description of the target.

number. Direct the assistant
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Figure 3-3. Defense diagram matrix with a scale of 1:5,000
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wr: 2/4/2-81 FA
DATE: 09/08/ 90
SLALE: 1:55000

PLT FIRE SPT DEEENS/VE 767s

GR/|D ALT | DESCRIPTION| REMARKS

/-3647 6504|400 | DEAD SPACE sz Junmor™s

2-2698 6478 | 400 | DEAD SPACE \KiLER Javm#l

3-3687 6448 450 | HrLToP | HE/Q

4-3677 6408 | 400 RJ DPIeM

5-3635 €419 470 | HiLTOP AE/Q

AIR DEFENSE STINGER/AVENGER TEAM LOCATED AT GD 388642|

LEGEND:
alt = altitude spt = support
RJ = road junction tgt = target

Figure 3-6. Related information
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(c) Repeat these procedures for the right limit and for
all target reference points. Determine the shell, charge, and fuze
to be fired for each target and record that information in the
appropriate columns. Use the REMARKS column to indicate
additional information needed to engage the target; for example,
sweep 200.

g) The measured quadrant and range should be given
to the FDC to be converted into a true quadrant. Then record the
true quadrant on the range quadrant in the QE column.

_ (3e) When the range card is completed (example in
Figure 3-7), make a duplicate card for the platoon sergeant.
Continue to update and review the range card throughout occupation
of the position.

HOWITZER RANGE CARD

For use of this form, see FM 6-50. The proponent agency Is TRADOC.

——
@ N .
Z o
: SECTOROFFRE- /=

LEFT DF 5500 RIGHT DF p3¢

NO.| SHELL | CHG | FZ | TI | DF | QE | RANGE | DESCRIPTION | REMARKS

1| HE 8 Q - |3800| 3 400 | ROCK PILE

2| HE 8 Q - | 3015 | 2 480 |TREE

3| HE | 8 @ | - |2800| 6 500 |peap space | 3050%
4| HE 8 Q — | 2447 | 4 300 | HEDGE rROW

5| HE 8 Q - | 2031 | 4 250 |ROAD JUNCTION
DA FORM 5699-R, AUG 88

Figure 3-7. Howitzer range card
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(2) Machine gun range card. The machine gun range
card consists of two parts: a sketch of the sectors of fire
and a data section that list data necessary to engage targets
during periods of limited visibility. The sketch depicts the
primary and secondary sectors of fire, the location of the
weapon, azimuths of the left and right limits and/or the final
protective line, target reference points, and any dead space.
A sample is shown in Figure 3-8.

Note: A reproducible copy of DA Form 5699-R is at
the hack of this manual. For additional examples of
comEIeted range cards and a reproducible copy of
orm 5517-R, see FM 7-8.

DA

STANDARD RANGE CARD
For use of this form see FM 7-7J. The proponent agency is TRADOC.
sapls? ————
PLT Ist May be used for all types of direct fire weapons, | _ 7 N
co B MAGNETIC
NORTH

EN
XA\
[ N a0\ L

RS cach
HESENES-sEREREE

DATA SECTION _
POSITION DATE 50 MIAY
AT AN - - - - — IEACH CIBCIE ENIIAT S fAA
YWEANFUIN Ms MG ﬁ'é\{_éﬁfénvhl- =N D ra*i?;
NO. D’—ggfgg%?gu ELEVATION |RANGEJAMM DESCRIPTION
7 4600 PDF
2 L 3800 L DIRECTION
3 R 5900 R DIRECTION
4 R 4880 350| ROAD JUNCTION
5 L 4050 750 LARGE TREE
6 R 57100 800 OLD CHURCH
REMARKS

Figure 3-8. Machine gun range card
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b. Once the range cards are collected by the platoon
sergeant, they are used in constructing the sectors of fire
on the defense diagram. The result is a completed defense
dlagram with all pertinent data for the platoon defense (Figure

] Z
7 / 25.2
Y () (== A 7L
v T 1 4 -8 L~ ur/"r[—-—
ol w4 /] 1\
AR : 7 — e Y17 —25.0
~ v / )/ / 1 N
VYL Y/
N I/ [« Ng |V
w
’ $ 24.8
N\ ,,
%_:___-——- \
/
— \
24.6
STINGER OP AT GRID
8085 2399
SCALE
1:5,000
\
v24.4
MAP SHEET NUMBER:
UNIT:
1/B/i—177H FA i .
DATE 24.2
12 AUG SO
SIGNATURE
24.0
82.0 82.2 82.4 82.6 82.8 83.0 83.2
LEGEND:
* =1 AW l|| PO
A y 8 = medium SP artiiiery
o~ = Claymore —— — = trail
1‘ = light machine gun -a:_ = wirehead
$ = heavy machine gun A = OP/LP
Notes
Unit shown is 155-mm SP platoon.
2 See FM 101-5-1 or STANAG 2019 for military symbols used in defense diagrams.
3. Assistant gunners on all machine gun positions should be armed with M203 grenade launchers to cover

4.

the dead space.
A 3 x 6 platoon-based organization would have one less howitzer than the figure depicts.
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Section IV
CONDUCT OF THE DEFENSE

3-16. DEFENSE AGAINST ENEMY
ARMOR/MECHANIZED FORCE

a. If an enemy armor or mechanized force detects the battery
or its platoons, the enemy can be expected to take the
following actions:

(1) Tanks may assault in an attempt to breach or overrun
the firing battery positions.

(2) Threat assault vehicles will maneuver to good
standoff fighting positions to fire antitank guided missiles
(ATGMes), direct fire cannons, and crew-served machine
guns.

(53) These actions will be followed by a hasty mounted
or dismounted attack through the battery area.

b. The preferred defense against a armor or mechanized
ground attack is for the battery or platoon to move to a
position from which it can continue the fire support mission
(alternate position) without a direct confrontation with the
enemy. However, in some circumstances fighting an enemy
mechanized force may be unavoidable. Some combat-proven
rules for fighting mechanized forces are as follows:

(1) Separate the infantry from the tanks.

2) Slow down the tanks. Use smoke mixed with HE
to obscure the enemy’s vision and keep tanks buttoned up.

(3) Canalize tanks into predetermined engagement areas
by using obstacles and fire support means.

(4) Use antitank weapons. (Rehearse tank-killer teams.)

Direct fire engagements must be controlled. The unit SOP
must address who controls the fires, how to control the fires,
and how to mass the direct fire assets. Units may consider
self-illumination during periods of limited visibility.

3-17. DEFENSE AGAINST AIR ATTACK

a. The primary way for an FA battery to survive when
the enemy has air parity or superiority is to be so well
concealed that an enemy cannot detect the battery as a target.
If the battery is detected and attacked, the key to survival
is dispersion and engaging attacking aircraft with a large
}/ollume of fire. Immediate actions against air attack are as
ollows:

~ (1) The warning signal for an imminent air attack is
given. (See paragraph 3-23).

p (2) Every soldier takes cover and prepares to return
ire.

(3) All weapons in the battery are used to return fire
Accuracy is not as important as mass (see Figure 3-10).

(f4) A lead equal to two football fields should be used
for fast-moving aircraft. A lead of one-half of a football
field is used for slow moving aircraft (helicopters).

(5) Ring-mounted machine guns (.50 caliber) are the
only or?anlc air defense weapons in the battery. Primary
or supplementary positions selected by the battery should
Ee oicupllg_d by vehicles with ring-mounted weapons (M992)
0 return fire.

(6) Stinger and/or Avenger teams from the division or
corps air defense battalion engage enemy aircraft. If available
these teams should be positioned to cover primary low-flight
avenues of approach into the battery area. Reference points
for engaging enemy aircraft should be planned and their
location disseminated throughout the unit. These can be
terrain features or TRPs established for ground defense. The
battalion S2 can aid in determlnln[g the likely enemy air
avenues of approach for defense planning purposes. The

reaction drill to counter an enemy air attack should be
rehearsed thoroughly.
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(7) Antitank weapons are very effective against low
flying rotary-winged aircraft at short ranges.

b. Defense of convoys against air attack is as follows:

(1) Move the battery at night, on concealed routes, or
during periods of reduced visibility.

(2) Consider infiltration if there is a significant air threat.

(3) Post air guards for each vehicle, and assign sectors
of responsibility that permit massing small-arms ires.

(4) Immediate action a%ainst_air attack is to disperse
vehicles. Everyone must return fire.

(5I) Designated drivers must have st_r_ip maps to the
battallon station and alternate medical facilities in the area;
rehearse the plan.

¢. For the employment of the Stinger and/or Avenger teams,
see FM 44-18 and FM 44-23-1.

3-18. DEFENSE AGAINST
DISMOUNTED ATTACK

a. Dismounted enemy elements will attack by use of the
following:

o Ambushes.

o Guerrilla-type attacks (normally not exceeding platoon
size and often conducted at night or in adverse weather).

e A diversionary attack and then a main attack.
o Dismounted infantry.

b. A proi)erly equipped 10-man enemy combat patrol can
effectively neutralize a cannon battery that is weak in its
defense planning or execution. To keep this from happening,
the battery must do the following:

e Fight the enemy outside the position.

o Insure fightin ﬁositio_njs provide interlocking sectors
of fire around the position.

e Use an overwatch technique. One element will cover
the movement of another if defense personnel must
withdraw to alternate positions.

o Chase the enemy with artillery fires when he is beaten
back. Do not dispatch forces to chase him.

o Use mines, barbed wires, and other obstacles.
o Plan Killer Junior on dismounted avenues of approach.

3-18

¢. An additional defense against a ground attack (mounted
or dismounted) is for the battery or platoon to displace to
an alternate position.

3-19. DEFENSE IN OPERATIONS
OTHER THAN WAR (OOTW)

The battery could be involved in anzv umber of possible
contingency missions, to include OOTW. This is particularly
true of artillery units that support Ii%ht forces. The specifics
of battery defense in OOTW depend largely on the situation.
Also, they are largely determined by the equipment and
offensive capability of the threat. In most situations, the
threat consists of paramilitary or guerilla forces with
minimum heavy weapons, armor, or air support. The primary
ground threat to the battery is dismounted attacks by Ii%ht
Infantry or infiltration by sappers or saboteurs. In this
situation, the best defensive solution is consolidation of
battery elements into a strong defensive perimeter, often
called a fire base. For additional information on fire base
operations and OOTW, see paragraph F-9 and F-10.

3-20. DEFENSE AGAINST
INDIRECT FIRE

Counterfire continues to be the greatest threat facing the
artillery. Dispersion, hardening, and movement are
techniques used to survive the counterfire threat; but those
techniques should not be used in isolation.

a. Dispersion is the least expensive method in terms of
effort and time. Platoon installations, howitzers, fighting
positions, and so forth should be no closer than 50 meters
from each other, should not be on line, and should present
a deceptively larger element,

b. If the ground threat or the terrain makes wide dispersion
of the battery or platoon elements impractical, hardening
the position will greatly increase survivability. Fighting
positions with adequate overhead cover for crew-serve
weapons and individual soldiers must be prepared and
continuously improved. Gun pits for towed howitzers, and
hull-defilade positions for self-propelled weapons
substantially increase the ability of the unit to survive and
continue the mission.

¢. Unplanned movement to an alternate position denies the
maneuver force the amount of FA support it requires; it
may increase the number of casualties. The point is, do
not move unless your position is untenable.
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3-21. DEFENSE AGAINST
NBC ATTACK

The BC must ensure that the unit SOPs give procedures for
dealing with NBC attacks. SOPs should cover chemical
and radiological survey teams, protective measures,
immediate action, decontamination, and reporting. Guidance
for the commander is provided in FM 3-100.

3-22. EQUIPMENT AND MATERIEL
DESTRUCTION PROCEDURES

The BC must ensure that the unit SOPs include the procedures
for the destruction of unit eqmﬁment and material. He
designates personnel to perform the destruction and ensure
that adequate emergency destruction (ED) material is
available. See DA Pamphlet 25-30, ag{)roprlate equipment
technical manuals, and STANAG 2113 for guidance in
gregarmg unit SOPs. The applicable details from STANAG
113 are shown below.
* * * * * * *
EXTRACT
FROM STANAG 2113 (Edition 5)

DENIAL OF A UNIT’S MILITARY EQUIPMENT AND SUPPLIES TO AN ENEMY

* * * * * * *

AGREEMENT
2. Participating nations agree that:
a. An enemy should be denied use of military equipment and supplies of allied forces.
b. The denial to the enemy should, if possible, not preclude the later use by allied forces.

¢. The destruction of military equipment and supplies will only be ordered when their falling into enemy hands cannot
be prevented; food and water may be destroyed or removed, but must not be polluted.

d. After commencement of hostilities, in a tactical emer enci/], and provided that forces have passed to NATO operational
command or control, a NATO commander may order the denial of a unit’s military equipment and supplies.

e.  The denial of military equipment and supplies to prevent their use by the enemy is the responsibility of the user.

f. The provision of instruction and means for, and training in, the denial of military equipment and supplies is a national
responsibility.

g. For the purpose of this a%reement, the denial will be accomplished by means of destruction, immobilization, removal
ard/or pollution. If possible, when multiple same type weapons systems or equipment are to be destroyed or immobilized,
E)denrt]mal components are to be destroyed or removed to prevent re-assembly of the weapon system or equipment

y the enemy.

DEFINITIONS
3. The following terms and definitions are used for the purpose of this agreement:

a Derlllial._ To prevent the enemy use of a units military equipment and supplies by means of destruction, removal or
pollution,

h. NATO Commander. A military commander in the NATO chain of command (AAP-6).
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¢. Unit. Any military element whose structure is prescribed by competent authority, such as a table of organization
and equipment; specifically, part of an organization (AAP-6).

d. Unit's Military Equipment and Supplies. This includes unit facilities and installations, civilian equipment and supplies
used by allied forces but excludes medical equipment and supplies.

e. Pollution (pollute). Destroy the purity of or sanctity of; make foul or filthy; contaminate or defile (man’s environment).
DETAILS OF THE AGREEMENT.

4. Priorities. The priorities and the extent of the denial of military equipment and supplies must be decided by the commander
ordering it, taking into account the their potential value to the enemy. Some examples could be:

a. As a high priority:

1) Classified equipment, materials and documents.

2) Petroleum, oil and lubricants.

Sophisticated weapons systems or electronic equipment.
Heavy weapons and associated ammunition.
Communications equipment.

6) Ferrying and bridging equipment.

7) Air, seaand land transport.

b. As a second priority: Any other military stores, military equipments and supplies or military facilities which may
be of use to the enemy.
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5. Implementation of the Denial. Instructions for the denial of an item of military equipment or of supplies should be
included in the appropriate national support publication in sufficient detail to enable their direct use to be denied to an
enemy and also to prevent the enemy from making use of them after cannibalization between similar equipments.

* * * * * * *
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3-23. EMERGENCY ALARMS
OF HAZARD OR ATTACK

The BC must ensure that emergency alarms of hazard or
attack are provided in the unit SOPs. The applicable details
to be included in the SOPs have been extracted from
STANAG 2047 and are shown below.

* * * * * *

EXTRACT
STANAG 2047 (Edition 6)

EMERGENCY ALARMS OF HAZARD OR ATTACK (NBC AND AIR ATTACK ONLY)

* * * * * * *

Audible and visual alarm sié;nals must be given by means which cannot easily be confused with other
sounds or sights encountered in combat. The alarm signals will be given in all cases as soon as an attack
or the presence of a hazard is detected. The alarm signals will be repeated throughout the unit area by all
who hear or see the original alarm signal since most available alarm signals are generally limited in range.
Addltlonallf)]/, audible and visual alarm signals should normally be supplemented by simultaneous use of
radio, telephone, and public address systems.

DETAILS OF THE AGREEMENT

3. It is unlikely that personnel can understand and react quickly and correctly to more than two alarm
signals. The following hazards require fast and correct reaction: use or presence of chemical or biological
agents, and an imminent air attack or nuclear operation. Therefore, alarm signals for these two hazards
are mandatory (see Note (1)). In the case of radiological contamination, a delay in personnel taking cover
may be acceptable.

Note (I): No reference is made to ground attack in order to reduce to a minimum the number of signals.
Signals for ground attack, if deemed necessary, remain the prerogative of field commands.

4. The spoken word (vocal alarm signals) remains the most effective means of informing troops in an
emergency.

5. Visual alarm signals are included to supplement the audible alarm signals under conditions when audible
signals may be lost due to other noises or to replace audible signals when the tactical situation does not
permit the use of sound:

a. Reliance should not be placed on visual alarm signals during the hours of darkness or in conditions
of poor light.

h. Visual alarm signals should be used when purely audible signals may be lost due to other noise.

C. \{]isual (sjignals should be used to warn those personnel arriving at a particular location of an imminent
azard.

d. Apart from the audio-visual signals detailed at paragraph 2, Note 2 of Annex A, normal signal
flares are excluded from use as a color alarm signal for NBC and air attack.

e. Visual signals need not be used by mobile forces.

6. The actual form of a visual signal and method of display are left to the discretion of the local commander.
Only the color at Annex A is mandatory. However, to aid recognition, it is recommended that the red
signal preferably be square and the black signal preferably be triangular.

FM 6-50, MCWP 3-1.6.23
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The following are emergency alarms and warning si(l;ns for NATO Forces operating on land. In respect of the audible alarm
signal, one or more of the signals listed below shou

7. The alarm signals listed in this agreement are ﬂrima_rily intended to serve as alarms of enemy action.
Theyfmay be used, however, in an emergency when friendly action could produce similar effects on its
own forces.

8. Conflict with civil requlations. Alarm signals for use by NATO forces operating on land are in Annex
A. There are some differences between the alarm signals prescribed herein and some national civil defense
alarm signals. These differences are considered minor for air attack. Reservations are indicated by each
nation where nations or local regulations prohibit NATO Forces oF]erath in their territory for sounding
alarm signals in exercises and/or alarm signals incompatible with the public warning system in wartime.

9. Pratice alarm signals. In those case where nations or local regulations preclude sounding alarm signals
during exercises, local commanders should negotiate with local authorities to obtain authorization to sound
alarm signals periodically. In the absence of agreement, small alarm devices emitting sounds similar to
the prescribed audible alarm si_%nals and having limited range should be used during exercises to keep
personnel familiar with the audible alarm signals.

IMPLENTATION OF THE AGREEMENT

10. This STANAG is implemented when the necessary orders/instructions have been issued, directing
forces concerned, to put the content of this agreement into effect.

* * * * * * *

ANNEX A TO STANAG 2047 (Edition 6)
EMERGENCY ALARMS AND WARNING SIGNALS

* * * * * * *

d be used.

TYPE OF HAZARD VISUAL WARNING SIGN AUDIBLE ALARM SIGNAL

[a. Imminent Air Attack.

3-22

1b. Red. Preferably square in shape.

1¢(1) Unbroken warbling siren for one
minute.

EZ) Succession of long blasts on vehicle
horns, whistles, bug!es or other wind
instruments in a ratio of 3L aRproxmately
3'seconds on and 1 second off.

(3) Vocal “Air Attack” or corresponding
national term where only one nation is
involved. TYPE OF HAZARD VISUAL
\Sl\lléll\?l,,kl\ll_NG SIGN AUDIBLE ALARM
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TYPE OF HAZARD

2a. Imminent arrival of, or presence of,
chemical or hiological agents or
radiological hazards.

3a. All Clear.

NOTES:

VISUAL WARNING SIGN

2b(1) Black. Preferably triangular in
shape.

(2) Donning respirators and takln(};]
protective action followed by such hand
signals as may be prescribed in local
instructions. ZSee otes 1,2, and 3))

3p. Removal of appropriate warning
signal.

AUDIBLE ALARM SIGNAL

2¢(1) Interrupted warbling sound on a
siren,

(2) Succession of short signals on vehicle
or other horns by beating metal or other
objects in a ratio of 1.1; approximately 1
second off.

(3) Vocal “Gas, gas, gas” or
corresponding national term where only
one nation is involved.

3c(1z Vocal “all dear (s-type of
attack)” or corresponding national term
when only one nation is mvolved.

(2) If used, a steady siren note for one
minute or a sustained blast on a vehicle
horn, whistle, bugle or other wind
instrument to indicate absence of all NBC
and air attack hazards.

1. Automatic alarms for the early and rapid detection of biological and chemical agents and radiological
hazards may complement the devices referred to previously.

2. A special audio-visual pyrotechnic signal producing a whistle sound and a yellow, red, yellow display
of lights may be used. The combination of colors should be produced as near simultaneously as possible.

3. Wearing respiratory protection in the presence of radiological hazards is not mandatory but will be

decided by the local commander.

* *

3-24. BOMBING, SHELLING

* * *

ROCKETING, MORTARING,
AND LOCATION REPORTS

The BC must ensure that his unit SOPs provide guidance
concerning bombing, shelling, rocketing, mortaring, and
location reports including the format to be used when
Preparmg these reports must also be included. Guidance
or the commander is provided in FM 6-121, in Apgendm
J of this manual, and in STANAG 2934, Chapter 13.
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* * * * * * *

EXTRACT FROM STANAG 2934 (Edition 1) Chapter 13, Annex A
FORMAT FOR BOMBING, SHELLING, ROCKETING, MORTARING, AND
LOCATION REPORTS

* * * * * * *

SECTION I: BOMREP, SHELREP, ROCKREP, MORTREP (indicate which)
A. UNIT OF ORIGIN. Use current call sign, address group or code name.

B. POSITION OF OBSERVER. Grid reference preferred - encoded if this discloses the location of a headquarters or
important observation post.

C. DIRECTION (FLASH, SOUND OR GROOVE) AND ANGLE OF FALL/DESCENT (omit for aircraft). Grid bearing
of flash, sound or groove of shell (state which) in mils, unless otherwise specified. The angle of fall or descent may be
determined by placing a stickhod in the fuze tunnel and measuring in mils, unless otherwise specified, the angle formed by
the stick/rod In relation to the horizontal plane.

D. TIME FROM.
E.TIMETO.
F. AREA BOMBED, SHELLED, ROCKETED, OR MORTARED.
1. Location to be sent as:
a. Grid reference (clear reference is to be used)
OR

b. Grid bearing to impact point in mils, unless otherwise specified and distance in meters from observer. This information
must be encoded if paragraph B is encoded (when this method is used, maximum accuracy possible is essential).

2. Dimensions of the area bombed, shelled, rocketed, or mortared to be given by:
a. The radius (in meters)
OR
b. The length and width (in meters)

SFNDLIJE'\LAI%/IIEEFééND NATURE OF GUNS, MORTARS, ROCKET LAUNCHERS, AIRCRAFT OR OTHER METHODS

H. NATURE OF FIRE. Adjustment, fire for effect, harassing, etc. (may be omitted for aircraft).

lEiCI)\II\hJBI\élBE?’CTYPE AND CALIBER (state whether measured or assumed) OF SHELLS, ROCKETS (OR MISSILES),

J. TIME OF FLASH TO BANG (omit for aircraft).

K. DAMAGE (encode if required).

L. REMARKS. (for additional information on Sections I, II, or 111).

SECTION II: LOCATION REPORT

M. SERIAL NUMBER. Each location which is produced by a locating unit is given a serial number.

N. TARGET NUMBER. If the weapon/activity has previously been given a target number, it will be entered in this column
by the locating units.
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P. POSITION OF TARGET. The grid reference or grid bearing and distance of the located weapon/activity.

Q. AC%llJRACY. The accuracy to which the weapon/activity has been located. CEP in meters and the means of location
it possible.

A: CEP is 50 meters or better.

B: CEP between 50 meters and 100 meters.

C: CEP between 100 and 150 meters.

D: CEP between 150 and 200 meters.

E: CEP between 200 meters and 300 meters, and

I: CEP worse than 300 meters.
R. TIME OF LOCATION. The actual time the location was made.
S. TARGET DESCRIPTION. Including dimensions if possible:

1. Radius of target in meters

OR
2. Target length and width in meters (attitude if possible).
SECTION I11: COUNTERFIRE ACTION
T. TIME FIRED. Against enemy target.

U. FIRED BY.
V. NUMBER OF ROUNDS-TYPE OF FUZE AND PROJECTILES.
* * * * * *
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CHAPTER 4
LAYING THE BATTERY, MEASURING, AND REPORTING

Section |
THE AIMING CIRCLE

4-1. DESCRIPTION OF
THE AIMING CIRCLE

The M2A2 aiming circle is the primary means of orienting
the cannon battery or laying weapons on the azimuth of
fire. This section presents information that should be the
starting point for any training program on the aiming circle.
The aiming circle components are discussed below.

a. Telescope. The telescope is a four-power, fixed focus
optical instrument with a reticle pattern like the one shown
in Figure 4-1.

Note: Some aiming circles may not be equined with
the P-2 reticle pattern (national stock number [NSN]
1240-01-1 52-3516) which is used to perform the
POIARIS 2 method of hasty survey.
modification can be made at direct support
maintenance. Verify the expiration date in the lower
right hand corner of the P-2 reticle pattern. If it has
expired, turn in the aiming circle to direct support (DS)
maintenance for repair.

LIMIT FIELD
OF VIEW

1020304050607080

10£TNIIII|I||\‘|‘|||
|||l|l||||||||k|l\‘ 10

8070605040302010 |— 20

Figure 4-1. Polaris 2 reticle pattern

b. Reflector. The reflector (Figure 4-2, Page 4-2)isa
plastic signal post mounted on top of the telescope. It is
used as.an aiming point for other instruments sighting on
the aiming circle.

¢. Elevation Knab. The elevation knob (Figure 4-3, page
4-2) is used to raise and lower the telescope line of sight.
!1t ésé ?Iso used to measure vertical angles. (See paragraph

(1) Elevation scale. Each graduation on the elevation
scale (Figure 4-3) represents 100 mils. The scale is numbered
at 100-mil intervals. The black numbers 0 to 1100 indicate
elevation (+). The red numbers 0 to 400 indicate depression

(2) Elevation micrometer scale. Each graduation on
the elevation micrometer scale (Figure 4-3]) represents 1 mil.
The scale is numbered at 10-mil intervals. The black numbers
0 to 100 indicate elevation (+). The red numbers 0 to 100
indicate depression (-).

d. Magnetic Compass. The magnetic compass is located
in the main housing (Figure 4-3). For rough centering, the
magnetic needle may be seen through the windows on to

of the body assembly. A small ?,Iass magnifier (Figure 4-3)
and reticlé with three vertical Tines are at one end of the
recess. These aid in aligning the end of the magnetic needle.

e. Leveling Vials. There are two tubular leveling vials
and one circular Ievelmgi_wal (Figure 4-2) on the aiming
circle. One tubular leve gngi vial (on the'left side of the
elbow telescope) is used in leveling the telescope so that
the operator can measure vertical angles. The other tubular
leveling vial (located on the left side of the main housing)
or the circular leveling vial (fisheye bubble) is used in leveling
the aiming circle for measuring horizontal angles. When
the tubular leveling vials are not In use, the protective covers
should be closed o prevent damage.

f. Azimuth and Azimuth Micrometer Scales.

(1) The azimuth scale (Figure 4-3) is located below the
magnietic compass housing. - It is graduated in 100-mil
increments from 0 to 6,400 mils and 15 numbered every 200
mils. The portion of the azimuth scale from 3,200'mils
through 6,400 mils has a second 0-3200 scale numbered in
red from the black 32 through the large black 0 on the
azimuth scale.
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Note:  Also located on the azimuth scale is an
imaginary line called the 0-3200 line. This line starts
at the black O and goes through the black 32 on this

scale. This is the line we orient on the azimuth of fire
during the laying process.

~ (2) On the azimuth scale, the red numbers 0 to 3200
indicate azimuth. The lower row of graduations parallels
the 3,200- to 6,400-mil upger row of graduations. This
permits the a|m|ngI circle to be used with other instruments
that have scales labeled from 0 to 3,200 mils. The red
numbers are used only in the following instances:

(a) You are reading red numbers to an M12-series sight,
and you are measuring a deflection.

(}b)_ You are checking the lay of one aiming circle with
a second circle. The operator of only one of the two circles will
see red. He can read red to preclude having to add or subtract
3200 to or from the reading.

(3) The azimuth micrometer (Figure 4-32 is located on
the azimuth knob on the lower right side of the magnetic
needle housing. It is graduated in 1-mil increments from
0 to 100 mils and is numbered every 10 mils. Azimuth
micrometer can be read to an accuracy of 0.5 mils.

%. Upper (Recording{ Motion.The upper motion allows
the operator to place values on the azimuth scale and azimuth
micrometer by means of the azimuth knob (Figure 4-3). The
values are read on the azimuth scale index, which is located
below the magnetic needle magnifier. The upper motion
of the instrument has both a fast motion and a slow mation.
Pulling back on the azimuth knob enables fast motion.
Rotation of the azimuth knob produces slow motion.
Horizontal angles are read in two parts--the thousands and
hundreds of mils are read from the azimuth scale, and the
tens and units of mils are read from the azimuth micrometer.

h. Lower (Nonrecording) Motion. The lower motion is
controlled by the orienting knobs (Figure 4-2). It is used
to orient the 0-3200 line of the aiming circle without changing
the values on the upper motion. Lateral movement of one
orienting knob enables fast movement of the lower motion
of the aiming circle. The two orienting knobs should be
used at the same time for slow movement of the lower motion.
Caps are provided for covering the orienting knobs to prevent
unintentional use of the lower motion.

I. Leveling Screws. The three leveling screws (Figures
4-2 and 4-3) are used to level the aiming circle. These
screws are on a spring plate located below the orienting
knobs and above the baseplate assembly.

4-2
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Figure 4-2.  Aiming circle (left side view)
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Figure 4-3. Aiming circle (right side view)

J. Base Plate Assembly. The base plate assembly (Figure

4-3) serves as the base of the instrument when it is' mounted
on the tripod and also serves as the base of the carrying
case. It is a flat circular plate to which the instrument is
attached by means of the spring plate. An instrument-fixing
screw is threaded into a socket on the underside of the base
plate assembly to attach the instrument to the tripod. The
socket is kept Clean and free of obstructions by a spring-loaded
cover that remains closed when the instrument is not attached
to the tripod. The base plate is fitted with a rubber gasket
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that forms a watertight seal when the cover is latched to
the baseplate.

k. Notation Pad. A rectangular notation pad (Figure 4-2)
on the baseplate is used for rec_ordm? the declination constant,
date of declination, and initials of the person performing
the declination.

|. Filter. The filter (Figure 4-3) is a lens, which is placed
over the eyepiece for protection against the sun’s raYs._It
is stored On the side of the telescope body. It is held in
place by a spring-loaded ball.

m. Compass Needle Locking Lever. When the locking
lever JF\%ure 4-2) is in a verfical position, the needle is
locked. When the lever is turned either right or left to the
horizontal position, the needle is unlocked. To preclude
damage to the magnetic needle, this lever should be returned
to the locked position gently.

CAUTION
The needle must be locked when not in use.

4-2. SETTING UP THE AIMING CIRCLE

a. To setup the aiming circle (Figure 4-4), do the following
actions;

(1) Unstrap the legs of the tripod, loosen the IegI clamp
thumbscrews, and extend the legs to the desired length.
Tighten the leg clamp thumbscrews.

_(2) Place the tripod over the point to be occupied. One
tripod leg should be pointing in the aﬂ)_rommate direction
of sighting, and the leg with"the night-light mount should
be to the operator’s left. Attach the plumb bob to the hook
under the instrument-fixing screw assembl%/. The plumb
bob should be within a I-inch radius of the station marker.

(3) Firmly embed the tripod legs. Make sure the tripod
head Is approximately level when the legs are embedded.
Then remove the tripod head cover.

(4) Pull back the spring-loaded cover on the base of
the baseplate and place the aiming circle on the tripod.
Loosely screw the instrument-fixing screw assembly into
the base plate.

(5) Center the plumb bob over the orienting station by
moving the base plate of the aiming circle.

(6) Tighten the instrument-fixing screw into the
baseplate of the aiming circle.

INSTRUMENT-FIXING

AIMING
SCREW

CIRCLE
TRIPOD M24 M2A2
LAMP TRIPOD HEAD
EXTRACTOR HOOK
M51 INSTRU-
MENT LIGHT \_ TRIPOD
wuveER
ASSEMBLY
CANVAS
COVER AIMING
CIRCLE
BACK COVER
PLATE
LEG
CLAMP Igg ob
THUMB- LEG
o1 KAP

SCREW ;/[
N SPIKE
PLUMB BOB STATION M

PLUMB BQ ADRDKED
L LAVAN ™) AN

CAUTION
Be careful not to exert excessive pressure when you
are tightening the instrument-fixing screw. The slotted
arm may bend and damage the tripod head.

Figure 4-4. Aiming circle with tripod

(7) Remove the aiming circle head cover, and hang it
on the tripod head cover or a leg clamp thumbscrew to
prevent damage.

(8) Install the night lighting device accessory case if
necessary.

b. Some common malpractice are as follows:

o Not clearing the area of magnetic attractions such as
weapons, steel helmets, and eyeglasses.

o Failure to set up the tripod so that one leg points in
the direction of the sighting. This puts one more tripod
leg in the instrument operator's way as he moves around
and increases the chance that he will kick a leg and
knock the aiming circle off level.

4-3. LEVELING THE AIMING CIRCLE

There are two methods of IeveIin?_ the aiming circle for
normal use. Either the circular leveling vial or the tubular
leveling vial (Figure 4-5) can be used.
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TUBULAR LEVELING VIAL CIRCULAIT LEVELING VIAL
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SLRLYY
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Figure 4-5. Leveling vials

a. The preferred method is to level the aiming circle by
using the circular leveling vial (fisheye bubble) as follows:

(1) Loosen the leveling screws approximately halfway.
(2) Rotate the head of the aiming circle until the circular

Ie\éeling vial is over the leveling screw adjacent to the notation
pad.
(3) Using the thumb and forefinger of each hand, turn

the other two leveling screws in opposite directions. The
bubble will move in the same direction as the left thumb.

Note: This is known as the left thumb rule.

(4) When the bubble moves on line with the fisheye,
center the bubble by using only the third leveling screw.
Rotate the head over each of the other two screws. If more
than half the bubble moves out of the center ring, relevel
the instrument. If the bubble cannot be centered, use the
technique discussed in b below. Then turn the instrument
in for repair as soon as possible.

b. Level the aiming circle by using the tubular leveling
vial as follows:

%/) Loosen the three leveling screws (approximately
halfway) to permit the instrument to be leveled. Rotate the
instrument until the axis of the tubular leveling vial is parallel
to any two of the three leveling screws. Center the bubble
by using these two leveling screws. Grasp a screw hetween
the thumb and forefinger of each hand. Turn the screws
simultaneously so that your thumbs move either toward each
other or away from each other. This movement tightens
one screw as it loosens the other. The bubble always moves
in the same direction as the left thumb.

%2? Rotate the instrument 1,600 mils, and center the
bubble by turning the third leveling screw.

4-4

(3) Rotate the instrument back to the first position, and
relevel the bubble if necessary.

_ (42 Repeat these steps until the bubble remains centered
in both positions.

(5) Rotate the instrument 3,200 mils from the first
position. If the bubble remains centered in this position,
rotate the instrument 3,200 mils from the second position.
If the bubble remains centered in this position, rotate the
instrument throughout 6,400 mils. If the bubble remains
centered, the instrument is level. If the bubble does not
remain centered when the instrument is rotated 3,200 mils
from the first position, the Ievehmf vial is out of adjustment.
To compensate, using the same Teveling screws that were
used to place the instrument in the first position, move the
bubble halfway back to the center of the leveling vial. Rotate
the instrument 3,200 mils from the second position: and
using the other leveling screw, move the bubble halfway
hack to the center of the level vial. The instrument is now
level, and the bubble should come to rest in its vial at the
same off-center position (within one graduation) regardless
of the direction in which the instrument is pointed. If the
leveling vial is out of adjustment, the instrument should be
turned In for repair at the first opportunity.

_ (6) The plumb bob normally remains attached to the
aiming circle until the firing unit is laid.

4-4. TAKING DOWN THE
AIMING CIRCLE

Take down the aiming circle as follows:
a. Elevate the telescope to about 300 mils.
b. Ensure that the magnetic needle is locked.

¢. Cover the tubular leveling vials. Be sure the M51
instrument light is turned off and secured in its case.

d. Ensure the caps of the orienting knobs are closed.
e. Place the azimuth knob over the notation pad.

f. Turn the IeveI_in[g screws counterclockwise until the
screws are to their lower stops. Then loosen each leveling
screw knob one-quarter turn,

g. Place the carrying case cover over the aiming circle,
and latch the cover locks.

h. Unscrew the instrument-fixing screw, and remove the
instrument from the tripod.

I. Replace the tripod head cover.

{. Retract and collapse the tripod legs, and tighten the
humbscrews.

k. Strap the tripod legs together.
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4-5. DECLINATING THE AIMING CIRCLE

a. The aiming circle must be declinated when any of the
following situations exist:

o After an electrical storm.

o Anytime the instrument has received a severe shock;
for example, if it is dropped from the bed of a truck
to the ground. The magnetic needle is a delicately
balanced mechanism, and any shock may cause a
significant change in the declination constant.

o Anytime the aiming circle is moved outside a 25-mile
radius from the area in which it was last declinated.
Because of local magnetic attractions, ang move of
the aiming circle may result in an aefrecia le change
in the relationship of grid north and magnetic north
as measured by the instrument.

o A minimum of once every 30 days to determine if
any changes in the declination have occurred because
of the annual shift of magnetic north or because of
accidents involving the instrument that may not have
been reported. If a radical change is observed, the
instrument should be declinated again within a few
days to determine if the observed change is a real
change in the characteristics of the instrument.

o When the instrument is first received.

e Anytime the instrument is returned from ordnance
repair.

h. The aiming circle must be declinated in an area free
from magnetic attractions. Azimuths must be known to two
or more azimuth marks, preferably in opposite directions.
These azimuth marks should be a minimum distance of 300
meters, preferably 1,000 meters.

c. Declinate the aiming circle as follows:
(1) Set up the aiming circle, and level it.

(2) With the upper (recording) motion, set the known
azimuth to the azimuth marker.

(3) With the lower nonrecording motion, sight on the
azimuth marker that corresponds to the azimuth set with
the upper motion. (See Figure 4-6.)

Note: At this time, the 0-3200 line will be aligned

with grid north.

Figure 4-6. Proper sight picture

(4) Release the magnetic needle. With the upper
motion, float and center the magnetic needle. (See Figure
4-T, page 4-6.)

(5) Read the declination constant directly from the
azimuth scales (to the nearest 0.5 mil).

(6) Using a second azimuth, repeat the above steps.
(If a second azimuth marker is not available, use the first
marker again.)

(7) Compare the two declination constants determined.
If they agree within 2 mils, determine the mean. Express
it to the nearest whole mil bK using artillery expression.
On the notation pad, record the mean (four- |%|t number),
the date, and the initials of the individual performing the
declination.

MAGNETIC

)

RETICLE

(WHITE
PORTION
CENTERED)

Figure 4-7. Centering the magnetic needle
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Note: If the two values differ by more than 2 mils,
repeat the entire process.

d. A declination station maybe established by simultaneous
observation, hasty astro, observation of Polaris, or
circumpolar observation. (See Chapter 5.)

e. Declination can be performed by scaling a grid azimuth
to two distant points. The following procedures are used:

| (Il) Place the aiming circle over the selected point and
evel it.

~(2) Select two distant points on a map. Scale the
direction to each from the occupied point.

(3) Using the direction scaled from the map, declinate
the aiming circle by the procedures previously discussed.

(4) Compare the two values determined. They must
agree within 10 mils.

(5) If the values determined agree within 10 mils,
determine the mean; record it on the notation pad. If the
values do not agree within 10 mils, repeat the entire procedure,

Note: A declination constant determined by

simultaneous observation or from a map should be
verified as soon as possible.

4-6. CARE AND HANDLING
OF THE AIMING CIRCLE

a. Protect the aiming circle from shock.
b. Keep the instrument clean and dry.

c. Clean the lens with an optical lens cleaning brush and
lens tissue only.

d. Keep the magnetic needle locked anytime it is not in
Use.

ﬁ' Ifjeep the aiming circle head cover over the aiming circle
ead.

f. Cover all tubular leveling vials.

g. Rotate the azimuth knob until it is over the notation
pad before trying to replace the head cover.

Section 1l
PRECISION LIGHTWEIGHT GPS RECEIVER (PLGR)

4-7. GLOBAL POSITIONING
SYSTEM DESCRIPTION

Global positioning system (GPS) is a space-hased navigation
s%/stem which provides worldwide, continuous, all weather,
three-dimensional position information. The GPS system
consists of the following three primary components:

o The satellite constellation. Ensures worldwide coverage
with a minimum of four satellites within electronic line
of sight to any point on the earth.

o A master control station and five monitoring stations.
These provide ground-hased support for the satellites.

o The GPS receivers. These receivers provide the operator
with navigational and location data.

Currently, the Sprimary receiver bein% issued to ground forces
is the AN/PSN-11, precision lightweight GPS receiver
(PLGR). The PLGR can provide location information
precise enough for use by cannon artillery. For detailed
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information on the GPS/PLGR operation, maintenance, and
additional equipment, refer to TM 11-5825-291-13. Major
components of the PLGR are shown in Figure 4-8.

4-8. FA SURVEY APPLICATIONS

The PLGR can be used to determine the grid location of
the orienting station. Individual howitzer locations can also
be determined, but individual PLGR-derived positions are
not on common survey control. The following actions must
be taken to ensure accuracy when using the PLGR as an
artillery positioning device:

a. Verify PLGR Setup.

(1) Crypto. The proper crypto keys must be loaded
hefore the PLGR will function using the ;})]_recise positioning
system (PPS). The PPS must be used to achieve the necessary
accuracy and to avoid enemy electronic warfare measures.
If the crypto variable is not loaded, the PLGR cannot
be used to establish artillery positions.
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Figure 4-8. Precision lightweight GPS receiver (PLGR)

(2) Datum. Mag datum should be the same as the _ (4) Elevation. Mean sea level is the preferred selection
operational datum deing used by all other maneuver, fire since most military maps use it as the basis for the elevation
support and target acquisition units. If the same datum is scale.

not used, significant position errors are possible.

T(3) Coordinates.  The UTM coordinate format is (5) Units of measurement. Meters is the preferred
referred since it is the standard used by survey and most selection since most military maps refer to distance and
ire control systems. elevation in meters.

4-7
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f6) Almanac data. Almanac data must be 1 day old.
If almanac data are not 1 daty old, there are possible satellite
vehicle or timing errors not noted by the PLGR.

b. Figure of Merit (FOM). FOM s an accuracy estimation
of the data dlspIaFyed b¥ the PLGR which ranges from one
through nine.© FOM 1 is the best accuracy estimation
displayed by the system, and FOM 9 is the worst. For
arti I_er%posmo_mng, only coordinates determined with a FOM
1 will'be considered for use.

¢. Mode of Operation. The PLGR offers the choices of
FIX, CONTINUOUS, or AVERAGING as modes of
operation. The AVERAGING mode yields the most
accurate data and is preferred when determining a position
for indirect fire weapons.

d. Verify Position. Position verification, to check for
unacceP able errors, must always be done prior to firing.
The following are possible methods of ven?ylng aPLGR-
derived grid coordinate:

(1) Always use two persons to check the PLGR data.

(2) Use two different PLGRs to independently determine
the position data.

(3) Use resection or graphic resection if identifiable
points are visible.

~ (4 Conducta maP s,oot of the location. A map spot
is the minimum acceptable verification and should be used
in conjunction with the other available means.

WARNING o
Azimuth determined with the PLGR is for navigation
only The PLGR azimuth is not accurate enough
for use in establishing directional control and
should never be used for that purpose. Tests show
that the PLGR-determined azimuth maybe in error
by as much as 200 mils.

4-9. GPS LIMITATIONS AND
CONSIDERATIONS

a. GPS receivers rely on electronic line of sight with the
satellites. The PLGR must be able to acquire at least four
satellites before a three dimensional position can be
determined.  Dense foliage, buildings, mountains, and
canyons will mask GPS signal and cause the receiver to
fail. All GPS receivers automatically try to track satellites
to a position as low as 10° above the level horizon. Each
receiver has a function which displays the direction and
vertical angle to each of the satellites being tracked. Use
this display to determine if signal masking is what is causing
the system to fail. When a satellite signal is masked, the
operator can either reorient the PLGR antenna or move to
another location to improve signal reception.

b. Multipath distortion (reflected signals) may occur if the
receivers antenna is tilted away from a satellite. This causes
a reflected signal to be received which has more power than
the direct signal. ~ Coordinates determined under these
conditions can be off by as much as several hundred meters.
To correct this problem, reorient the receiver antenna to a
position that eliminates the distortion.

¢. As with all aspects of artillery operations, personnel must
be groperly trained in the safe operation of equipment. The
PLGR will provide accurate location data only if it is operated
in strict accordance with the procedures outlined in the
technical manual. Battalions and batteries must ensure that
training and testing on GPS operations are part of their safety
certification program.  Specifically, all battery level
leadership must be able to identify, and properly correct
when needed, the setup functions of the PLGR. These
personnel must also be proficient in map reading and hasty
survey techniques needed to conduct an independent
verification check of the PLGR-derived position.

SECTION III
GUN LAYING AND POSITIONING SYSTEM

4-10. DESCRIPTION OF THE GUN
LAYING AND POSITIONING SYSTEM

The I\(7|1un laying and positioning system (GLPS) supplements
the M2A2 aiming circle, and will be the Prlmarylnstrument
used to orient howitzers in cannon units not equiped with
Paladins. When used in conjunction with the PLGR, the
GLPS will determine grid location, establish directional
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control, and allow the operator to transfer directional control
to the individual howitzers using standard laying commands.
Additionally, the GLPS eye-safe laser range finder eliminates
the need to measure subtense to determine the distance to
the howitzer.

The system is man-portable and tripod-mounted. It can be
emplaced and used much the same as the M2A2 aiming



circle, but without the need for external survey support.
Technical data on GLPS capabilities are located in Table
4-1, and the ma{or components of the system are shown in
Figure 4-9. Battery leadership must be proficient in the
setup and orientation procedures for the GLPS as listed in
the equipment operator’s manual. An independent check
of the GLPS orientation must be made before using it to
lay the howitzers.

Table 4-1. GLPS technical data

Gyroscope
Accuracy of orientation 0.4 mil PE
Theodolite
Telescope mag 10X
Graduation 0.1 mil

Resolution of Hz and V
circies 0.

-

2

Laser Range Finder
Accuracy tIm
Range 30mt0 2,000 m
Eye safe
Interfaces
PLGR RS232C
GPS Accuracy
Positioning accuracy 10 meters CEP (horiz)
10 meters PE (alt)

LASER RANGE FINDER

)] OPTICAL INSTRUMENT

AZIMUTH GYROSCOPE

TRIPOD
AN/PSN - PLGR

/A \

Figure 4-9. Components of the GLPS
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Section IV
THE M2 COMPASS

4-11. DESCRIPTION
OF THE M2 COMPASS

The M2 compass (Figure 4-10) is the alternate instrument
for orienting, or laying cannons. The unmounted magnetic
compass is a multipurpose instrument used to obtain angle
of site and azimuth readings. The components of the M2
compass are discussed below.

a. Azimuth Scale. The azimuth scale is numbered everg
200 mils from 0 to 6400. The scale is g%radua_ted every 2
mils and can be read to an accuracy of 10 mils.

b. Sights. The compass has front and rear leaf sigihts and
a mirror in the cover for sighting and reading angles.

c. Levels. The compass Is equipped with a circular level
for leveling the instrument before the azimuth values are
read. A tubular level is used with the elevation scale to
measure angles of site.

d. Angle-of-Site Mechanism. Rotation of the level lever
causes the elevation level and the elevation scale index to
rotate as a unit. The index clamps against the bottom piece
to keep the mechanism from moving unless it is actuated
by the level lever.

e. Magnetic Needle and Lifting Mechanism.The
magnetic needle (the white end of the needle) shows a
magnetic north direction for orienting purposes. The needle
is delicately balanced and jewel-mounted, on a pivot, to
rotate freely. The magnetic needle reading is taken when
the bubble is centered in the circular level. The lifting

mechanism includes a needle-lifting glocki_ng) pinand a
needle lifting lever. The lower end of the pin engages the
lever. The upper end projects slightly above the body of
the compass to engage the cover when it is closed. Thus,
it automatically lifts the needle from its pivot and holds it
firmly against the glass window.

f. Azimuth Scale Adjuster Assembly. The azimuth scale
adjuster assembly rotates the azimuth scale to introduce the
declination constant. Two teeth at the adjuster engage teeth
on the underside of the azimuth scale. Thus, turning the
adjuster with a screwdriver rotates the azimuth scale
approxmatelyé 1,800 mils. The scale is read against a fixed
index under the rear sight hinge.

4-12. DECLINATING THE M2 COMPASS

a. The procedure for declinating the M2 compass from a
surve e”d declination station free from magnetic attractions
is as follows:

(1) Set the M2 compass on an aiming circle tripod over
the orienting station, and center the circular level.

(2) Sight in on the known, surveyed azimuth marker.

3) Using the azimuth adjuster scale, rotate the azimuth
scale tlﬁ]ntll It indicates the same as the known surveyed
azimuth.

(4) Recheck sight picture and azimuth to the known
point. Once the sight picture is correct, and the azimuth
reading is the same as the surveyed data, the M2 is declinated.

ELEVATION LEVEL

CIRC&AR LEVEL MAGNETIC

ol "

/A
—/

g
._no

1Y O )

id

NEEDLE
o REAR SIGHT
* s // HOLDER

1 ] ( o J
/ [o]
¢ AZIMUTH SCALE INDEX

AZIMUTH SCALE

MIRROR
NEEDLE-LIFTING ELEVATION ELEVATION SCALE INDEX
(LOCKING) PIN SCALE
Figure 4-10. M2 compass, top view
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b. The procedure for field-expedient declination of the M2
compass is as follows:

_ él) Using the azimuth adjuster scale, set off the
ori

id-magnetic (G-M) angle (shown on the bottom of all
military maps).

(2) Once the G-M angle has been set off on the azimuth
scale, the M2 compass is declinated.

4-13. MEASURING AN AZIMUTH
AND SITE TO CREST WITH
THE M2 COMPASS

a. The procedure to measure an azimuth follows:

To read the azimuth scale by reflection, hold the compass
in both hands at eye level with arms braced against body
and with the rear sight nearest your eyes. Place the cover
at an angle of approximately 45° to the face of the compass
(Figure 4-118 so that the scale reflection can be viewed in
the mirror. Level the instrument by viewing the circular
level in the mirror. Sight on the desired object and read
the azimuth indicated on the reflected azimuth scale by the
south-seeking (black) end of the compass needle.

b. The procedure to measure site to crest follows:

Hold the compass on edge with both hands at eye level
with arms braced against the body and with the rear sight
nearest your eyes. Place the cover at approximately 45° to
the face of the compass (Figure 4-11) so that the elevation
scale reflection can be seen in the mirror. ~ Sight on the
crest of the highest object in the sector of fire. Center the
elevation scale tubular level with the lever on the back of
the compass and by viewing the elevation scale in the mirror.
Read the elevation in mils on the elevation scale. Measure
the sight to crest two additional times, and record the average.

~ CAUTION _
When measuring an azimuth be sure no magnetic
materials are near the compass.

4-14. CARE AND HANDLING
OF THE M2 COMPASS

The M2 compass will not stand rough handling or abuse.
Keep the compass in the carrying case (with the mirror side
facing in) protected from dust and moisture.

1)
CENTER OF
OBJECT
~

MIRROR HAIRLINE

Figure 4-11. M2 compass, observer’s view

Section V
LAYING

4-15. PRINCIPLES OF LAYING

a. Reciprocal laying is a procedure by which the 0-3200
line of one instrument and the 0-3200 line of another
instrument are laid parallel. To fully understand the principle
behind reciprocal laying (Figure 4-12, page 4-12) you must
first understand several concepts and definitions.

(1) As was mentioned previously, the aiming circle is
the primary means by which the cannon batterr orients
weapons on the azimuth of fire. The aiming circle is used
to measure horizontal clockwise angles from the line of fire
to the line of sight to a given aiming point. In reciprocal
laying, the aiming point for the aiming_circle is the howitzer
panoramic telescope.  The pantel is used to measure
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horizontal clockwise angles from the line of fire or the
rearward extension of the line of fire to the line of sight to
a given aiming point. In reciprocal laying, the aiming point
for the howitzer pantel is the aiming circle.

(2) The line of fire, as it relates to the principle of
reciprocal laying, is any line parallel to the azimuth of fire.
It is first established by the aiming circle in order that the
a|fn}|_ng circle can be used to orient the howitzer on the azimuth
of fire.

(3) The rearward extension of the line of tire is the
exact opposite of the line of fire.

14) A deflection is defined as a horizontal clockwise
angle measured from the line of fire or the rearward extension
line of fire to the line of sight of a given aiming point with
the vertex of the angle at the pantel. That is to say, the
angular measurements taken when reciprocally laying with
the aiming circle and the howitzer pantel will always be
deflections.

b. The principle of reciprocal laying is based on the
following geometric theorem: given two lines cut by a
common transversal whose alternate interior angles are equal,
then those two lines are said to be parallel. The parallel
lines are the 0-3200 lines of the aiming circle and the line
of fire and rearward extension of the line of tire of the
howitzer. The common transversal is the line of sight
established between the aiming circle and the pantel. The

alternate interior angles are the deflections as read from the
instruments.

4-16. PROCEDURES FOR LAYING

a. When the 0-3200 line of the aiming circle is parallel
to the azimuth of fire, the instrument operator uses the upper
motion to sight on the lens of the pantel and reads the
deflection on the azimuth and azimuth micrometer scales.
He announces the deflection to the gunner on the howitzer.

Note: If the weapons are equipped with M12-series
deflection cannot exceed 3,200 mils.

Therefore the red numbers on the aimin_? circle are
used if the black numbers exceed 3,200 mils.

b. The gunner sets the announced deflection on the pantel.
He orders the howitzer to be shifted, and/or traverses the
tube, until the line of sight through the pantel is again on
the reflector of the aiming circle (2-step deflection method).

Note: Because the pantel is not directly over the
ﬁlv_ot point of the tube, the pantel displaces
orizontally. When the telescope has been sighted

on the aiming circle, the gunner reports READY FOR
RECHECK.

AZIMUTH
OF FIRE

0-3200
LINE

LINE
OF SIGHT

LINE
OF FIRE

HOWITZER
PANTEL

DEFLECTION
DEFLECTION ,'
¥
’
REARWARD
EXTENSION OF
LINE OF FIRE
o AIMING CIRCLE
2
4A=49B

Figure 4-12. Principles of reciprocal laying
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¢. The instrument operator again sights on the lens of the
pantel and reads and announces the deflection. ~ This
procedure is repeated until the gunner reports a difference
of 0 mils between successive deflections.  The piece has
then been laid.

d. If all pieces are not able to see the aiming circle, one
i)ieg:e can lay others (reciprocal laying). The commands for
aying reciprocally from another howitzer are the same as
those given in paragraph 4-19. If weapons are equipped
with the M100-series panoramic telescopes, the readings
between any two weapons will be 3,200 mils apart. To
prevent confusion, the gunner on the Iayln? piece adds or
subtracts 3,200 mils to or from his reading before announcing
it to another howitzer. If the howitzer to which the laying
gunner is referring is on his left, the gunner must add 3200.
Ifitis on his right, he must subtract 3200 (left, add; right,
subtract [LARS] rule). See Figure 4-13.

e. The methods by which the battery or platoon can be
laid are as follows:

(1}Orie_nti_ng angle. This method requires the use of
gn M2A2 aiming circle and a known azimuth established
y survey.

i_Z) Grid azimuth, This method requires the use of a
declinated M2A2 aiming circle.

F’) M2 compass. This method requires the use of a
declinated M2 compass.

(4) Aiming point-deflection. This method requires that
an aiming point at least 1,500 meters from the battery or
platoon position be visible.

(5) Howitzer back-lay. This method requires the use
of a declinated M2 compass and M2A2 aiming circle.

f. The deflection to each weapon should be recorded by
the instrument operator for use by the FDC.

Note: The chief of section supervises the laying
rocess and verifies all data after the gunner lays the

owitzer.

DEFLECTION

LINE OF SIGHT

LEFT ADD

LAYING PIECE

DEFLECTION \

~ g
\

RIGHT SUBTRACT

Figure 4-13. Reciprocal laying from another howitzer (M100-series sight)

4-17. LAYING BY ORIENTING ANGLE

a. When occupying a position, it is preferable that all fire
support assets have survey data available to them. Common
survey enables units to mass fires more accurately. Survey
data will not always be available; therefore, all efforts should
be made to establish directional control as early as possible.

b. If survey is available, the following, as a minimum,
will be provided (Figure 4-14):

e The orienting station (OS), with grid and altitude to
the station.

e The azimuth of the orienting line (OL).
o The description of the end of the orienting line (EOL).

UNIT, DATE,

OS GRID, ALT

AZ OF OL,
DISTANCE TO EOL,
DESCRIPTION OF
EOL

Figure 4-14. Orienting station

4-13



FM 6-50, MCWP 3-1.6.23

¢. Steps in orienting angle (OA) method are as follows:

(1) Using the plumb bob, position the aiming circle
over the orienting station.

(2) Compute the orienting angle (Figure 4-152 by
subtracting the azimuth of fire from the azimuth of the
orienting line (add 6,400 mils, if necessary).

(3) With the upper motion, set the orienting angle.

54) Using the lower motion, sight on the EOL. The
0-3200 line is now parallel to the azimuth of fire.

(SI) Using the upper motion, sight on the howitzer

pantel.

d. A quick check of survey data prior to I@lyinwg the batter
is recommended, time permitting and METT-T dependent.
This check is done in @ minimal amount of time and with
the same circle which is set up on the OS. Conduct this
check in the following manner:

él) Confirm the location on the OS tag by map spot,
GPS, or the most accurate means available.

(2) On the upper motion, set off the declination constant.
(3) On the lower motion, float and center the needle.

~ (4) On the upper motion, sight in on the EOL. The
m_sltrument reading should be the azimuth to the EOL 10
mils.

AZIMUTH OF OL 2000
AZIMUTH OF FIRE -0600
ORIENTING ANGLE 1400

GN  AziMUTH

EOL

AZIMUTH
OF FIRE

OA 1400

EOL

Figure 4-15. Computation of orienting angle
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EXAMPLE

Laying by QrientinP Angle: _
The battey is being [aid on azimuth 0600. The azimuth to
the orienting line is 2000. Do the following:

o Subtract azimuth of fire (0600) from the azimuth of the
orienting line (2000). This %IVES you the orienting angle
1400. (2000 - 0600 = 1400).

 Set up the aiming circle over the orienting station.

«  Roughly orient the 0-3200 line alon% the azimuth of fire.
Using the upper motion, set off 1400.

e Using the lower mation, sight on the end of the orienting
line. The line of sight now coincides with the orienting
line. Make certain that the index remains at 1400.

o Now the 0-3200 line of the aiming circle has been
established in the desired direction; that is, on the
azimuth of fire. The next step is to lay the platoon by
usmgz the upper motion. This makes the tubes of the
howitzers parallel to the 0-3200 line of the instrument.
The howitzers are oriented on the azimuth of fire.

e. Survey may not be available. To establish directional
control and lay units by the orienting angle method, the
orienting line must be established. Without survey, the
orienting line can be established by hasty survey techniques.
(See Chapter 5). Once the orienting line is established, the
steps shown in ¢ above apply. The OS grid location and
altitude may be obtained by GPS, map spot or by hasty
traverse,

4-18. LAYING BY GRID AZIMUTH

a. If surveyed data are not available and
hasty survey Is not possible, the next best method of
orienting the aiming circle is to use the magnetic needle.

Note: Laying by grid azimuth involves the use of
the magnetic needle of the aiming circle. The
instrument must be set up where it is free from
fmﬁ1g|net|c attractions. The minimum distances are as
ollows:

Power lines and electronic
equipment

Railroad tracks, artillery, tanks,
and vehicles

Barbed wire, personal weapons,
and small metallic objects
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b. To orient the aiming circle on afgrid azimuth by using
the magnetic needle, complete the following steps:

(1) Determine the instrument reading (IRLto be placed
on the instrument by subtractm%the_ azimuth of fire from
the declination constant (DC) of the aiming circle (add 6,400

mils to the declination constant, if necessary).
(2) Place this value on the upper motion.

(3?:_Using the lower motion, center the magnetic needle.
(See Figure 4-7.) The 0-3200 line is now parallel to the
azimuth of fire.

¢. The next step is to lay the platoon reciprocally by using
the upper motion and sighting on the howitzer pantel.

EXAMPLE
Laying by Grid Azimuth:

The platoon is being laid on azimuth 3900. The DC of the
aiming circle is 0400 mils. (See Figure 4-16, page 4-16.)

e Subtract the azimuth of fire from the declination
constant. The larger number (3,900 mllsa cannot be
subtracted from the smaller number (0400 mils). So
6,400 mils must be added to the smaller number. Thus,
6400 + 0400 = 6800 mils; 6800 - 3900=2900. The
horizontal, clockwise angle from the desired direction
of fire to magnetic north (aiming point) is 2,900 mils.

e  Roughly orient the 0-3200 line along the azimuth of fire.
e Using the upper motion, set 2900 (black numbers).

o Center the magnetic needle bg using the lowrer motion.
This action places the 0-3200 line of the aiming circle
on grid azimuth 3900. Make certain that the index
remains at 2900.

. After_establlshm%the 0-3200 line of the aiming circle
on grid azimuth 3900, lay the battery reciprocally b
using the upper motion, This grocedure places eac
howitzer tube on grid azimuth 3900.

4-19. COMMANDS o |
The following commands are used in laying a platoon with
an aiming circle. The deflections announced are examples
only. For Drevity, only the exchange between the instrument
opérator and the gunner of number 3 is given.

Instrument operator:

PLATOON ADJUST, AIMING POINT THIS
INSTRUMENT.

(All gunners identify the aiming point. Normally, pieces
are laid in the order of their readiness.)

Gunner of number 3:
NUMBER 3, AIMING POINT IDENTIFIED.

FUsmg the upper motion, the instrument operator turns the
ead of the aiming circle until the line of sight is on the
pantel of the number 3. He then reads the azimuth and azimuth
micrometer scales.)

Instrument operator:

NUMBER 3, DEFLECTION 3091.
Gunner of number 3:

NUMBER 3, DEFLECTION 3091.

(The gfunn_er, using the two-step deflection method, sets
the detlection on his sights and traverses the weapon until
he is sighted back on the aiming circle.)

Gunner of number 3;
NUMBER 3, READY FOR RECHECK.

(The instrument operator a%a_in turns the head of the aiming
circle until the line of sight is on the pantel of the number
3-and announces the deflection.)

Instrument operator:

NUMBER 3, DEFLECTION 3093.

Gunner of number 3

NUMBER 3, DEFLECTION 3093, 2 MILS.

(This indicates a difference of 2 mils from the previous
deflection of 3091, which the gunner had placed on the

antel. The_?unner sets 3093 on the pantel and traverses
he tube until he is smghted on the aiming circle. Meanwhile,
the instrument operator mawr maﬁ not proceed with the
laying of the other pieces. "When the gunner of any piece
announces a difference of 10 mils or less, the instrument
operator normally continues to lay that particular piece until
itis laid to zero'mils.)

The gunner then announces:

NUMBER 3, READY FOR RECHECK
Instrument operator:

NUMBER 3, DEFLECTION 3093.

Gunner of number 3:

NUMBER 3, DEFLECTION 3093, 0 MILS.

(When the deflection announced by the instrument operator
anld tg§ deflection on the pantel are identical, the howitzer
is laid.

Instrument operator:
NUMBER 3 IS LAID.
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GN

DC 0400———1

’l +«——3900

AZIMUTH OF FIRE

DECLINATION CONSTANT 0400

+6400 GN
6800
-3900
2900

IR 2900——

AZIMUTH OF FIRE

Figure 4-16. Computation of instrument reading

4-20. LAYING BY ALTERNATE METHODS

Based on an ever-changing tactical environment, situations
could arise that would make it impractical or impossible to
use the primary methods of lay (orienting angle and grid
azimuth). In such cases, the firing element must be able
to keep supporting the maneuver forces. Alternate methods
of lay that give the unit this capability are discussed in
paragraphs 4-21, 4-22, and 4-23.

4-21. M2 COMPASS METHOD

a. Normally, this method of lay is used dU“fJP a deliberate

occupation when an a|m|n% circle is not available. The M2

compass is used to lay one howitzer. Once laid for direction,

'r[]hat_hownzer Is used to reciprocally lay the remaining
owitzers.

b. The steps for laying with the M2 compass areas follows:

(1?_ Place the M2 compass on a stable object (such as
a collimator cover, and aiming circle tripod, or a mattock
handle) away from magnetic attractions.

Note:  Laying by the M2 compass method involves
the use of the magnetic needle of the compass. The
compass must be set up where it is free from
magnetic attractions. The minimum distances are as
follows:

55 meters
10 meters
10 meters

Hi(ih-tension power lines
Field gun, truck, tank _

Telegraph, telephone, or barbed wire
Maching gun 2 meters
Steel helmetorrifle. ... 0.5 meter

4-16

(2) Measure the azimuth to the pantel of the howitzer
to be”laid.

ES) Determine the deflection to the howitzer b
subtracting the azimuth of fire from the measured azimut
(memory aid SAM).

Note: Memory aids for laying are in tables 4-2
through 4-5.

(4) Lay the howitzer by using the command NUMBER
fso-an -50) ADJUST, AIMING POINT THIS
NSTRUMENT, DEFLECTION (so much).

(The gunner, using the_two-steﬁ deflection method, sets off
the announced deflection on the pantel and traverses the
tube to pick up a Eroger sight picture on the compass. He
then says NUMBER [so0-and-so], AIMING POINT
IDENTIFIED, DEFLECTION [so _muchg. This howitzer
IS now oriented on the azimuth of fire and is laid.)

5) To lay the remaining howitzers, command:
NUMBER %o-and-so IS LAID, PLATOON ADJUST,
AIMING POINT NUMBER (so-and-so).

{The gunner on number_[so-an_d-so] would then reciFrocaI_Iy
ay the remaining howitzers in the platoon as outlined in
paragraph 4-16d, using the commands in paragraph 4-19.)

¢. This method of lay has advantages and disadvantages
that must be considered before it is used.

%1) Advantaﬁes. The main advantage to using this
method is that all howitzers will be oriented parallel.

_(2) Disadvantages. The compass is 8raduated every 20
mils and can be read to an accuracy of 10 mils. The accuracy
depends a great deal on the ability of the instrument operator.
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EXAMPLE
Laying by M2 Compass:

The advance partg is preparing a position for occupation on
an azimuth of 4550. Because of combat loss, no aiming
circle is available. The platoon leader has determined that
line of sight will exist between number 4 and the remamln%
howitzers. The gunner sel\r/%eant IS told to lay number
upon occupation using the M2 compass method of lay. The
GSG takes a mattock handle from the advance party vehicle
and moves 100 meters to the left front of number 4 position.
Upon arrival of number 4, the GSG (using the mattock
handles as a stable platform for the compass) measures an
azimuth to the pantel of number 4, He subtracts the azimuth
of fire from the measured azimuth (adding 6,400 mils to the
measured azimuth if necessary).

: 0730

Measured Azimuth +600
7130

Azimuth of Fire -4550
Deflection 2580

The mjnner sergeant commands NUMBER 4 ADJUST,
AIMING POINT THIS INSTRUMENT, DEFLECTION 2530.

The gunner on number 4 uses the two step deflection method
to pick up line of sight on the comi)ass and announces
2N58|(\J/IBE 4 AIMING POINT IDENTIFIED, DEFLECTION

The GSG commands NUMBER 4 IS LAID, PLATOON
ADJUST, AIMING POINT NUMBER 4.

4-22. AIMING POINT-
DEFLECTION METHOD

a. Normally, the aiming point-deflection method of lay is
used during an emergency fire mission when the need to
expedite the mission is more critical than the need for
first-round accuracy. A distant aiming point (DAP) is
required and must be at least 1,500 meters from the position.
(See paragraph D-A.?]Also all howitzers must be able to
pick up a line of sight to the DAP. A compass, or a map
and protractor are the only equipment needed.

Note; The aiming point-deflection method can be
used for a deliberate occupation if an aiming circle or
an M2 compass is not available, If this method is
used for a deliberate occupation, it is desirable to lay

only one howitzer by using the DAP. Once that
howitzer is laid, the gunner reC|procaI|IP/hIay_s the

remainder of the firing element to ensure all howitzers

are oriented parallel.

b. The steps for laying by the aiming point-deflection
method are as follows:

(1) Determine the azimuth from the center of the batter
or platoon to the DAP (scale from the map or measure wit
E qelclmated compass, or use the BCS procedures in paragraph

(2) Derive the back-azimuth of fire by adding or
subtracting 3,200 mils to or from the azimuth of fire.

(3) Compute  a deflection b?]/ subtracting the
hack-azimuth of fire from the azimuth to the aiming point
(memory aid: AP-BAF).

(4) To lay the platoon, command PLATOON ADJUST,
AIMING POINT (description), (location),
DEFLECTION (so much).

Each gunner, using the two-step deflection method, picks

up a line of sight to the DAP, and announces NUMBER

go-and-so AIMING POINT IDENTIFIED,
EFLECTION (so much).

(5) When all sections have reported, command THE
PLATOON IS LAID.

Note: Durin([J an emergency mission, the X0 or FDO
will normally announce the initial fire commands

(charge and quadrant) to the adjusting piece. The

remaining fire commands will be determined and
issued by the FDC.

¢. This method has advantages and disadvantages which
must be considered before its use.

(1) Advantages.

_ “(a) Itis a very rapid method of lay. It may be used
immediately upon occupation and only one command is required
to lay the entire firing element.

(h) Minimal preparation of the position is required.
(c) The DAP can be used as an aiming point.

(2) Disadvantages.
(a) A DAP must be available.

(b) Line of sight to the DAP may be obscured by smoke,
fog, darkness, and so forth.

() Howitzers will not be laid parallel when oriented
with a common deflection to an a|m|nE point, except when that
aiming point is on the left or right flank. If the DAP is to the tint
of the position, the sheaf will converge. If the DAP is to the rear
of the position, the sheaf will diverge. See Appendix D for further
discussion of aiming points.

4-17
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EXAMPLE
Laying by Aiming Point-Deflection Method:

The XO receives an emergency fire mission while en route
to a new position and signals the convoy, The _emer%ency
data base is input into a BUCS and the initial firing data are
determined, As the firing element approaches the position
the XO notices that there is a water tower located about 4
km to the left flank of the position. Using his map, he scales
an azimuth to the water tower.

The XO pulls into position and aligns his vehicle in the general
direction of the azimuth of fire. While the howitzers are
moving into I_i)osmon, the XO determines the deflection to
announce. (He uses the memory aid AP-BAF.)

Azimuth of Fire
+3200

Back azimuth of fire

Azimuth to the aiming point
Minus back azimuth of fire
Deflection to DAP

Atter all howitzers are in position and the deflection has been
determined, the XO moves to the front of the position and
announces BATTERY ADJUST, AIMING POINT WATER
TOWER, LEFT FLANK, DEFLECTION 1575.Each gunner
performs the two-step deflection method, picking up a line
of sight to the DAP, and announces NUMBER (so-and-50)
AIMING POINT IDENTIFIED, DEFLECTION 1575.

When all sections have reported, the XO commands THE
BATTERY IS LAID.

The XO announces fire commands to the adjusting piece
to fire the initial round in the mission. The FDC announces
the remaining commands by voice.

4-23. HOWITZER BACK-LAY METHOD

a. Normally, the howitzer back-lay method of lay will be
used during an emergency fire mission. It shoul onlﬁ/ be
used if the grid azimuth and aiming point-deflection methods
are not possible. An M2 compass and an aiming circle are
the only equipment needle

b. The steps for the howitzer back-lay method are as
follows:

(1) Determine the azimuth of fire by using the BCS or
LCU hip shoot procedures, or scale it from a map after
plotting the target and the proposed firing position.
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(2) Mark the azimuth of fire with stakes and tape.

(3) Ensure ad%usting piece positions are alongside (SP)
or over (towed) the marked azimuth, all other howitzers are
on line.  Ensure the aiming circle is emplaced in the left
rear of the position area.

(4% FDC announces firing data to the adjusting piece,
and the first round is fired.

(5) The instrument operator on the aiming circle
commands NUMBER (so-and-so) (adjusting piece), IS
LAID, NUMBER (so0-and-so) (adjusting piece), REFER,
AIMING POINT THIS INSTRUMENT.

(6) The adjusting piece gunner announces NUMBER

iso-and-so (ad'ustirﬁ(?iece), AIMING POINT
DENTIFIED, DEFLECTION (so much).

(7) The instrument operator sets the referred deflection
on the upper motion of the aiming circle. With the lower
motion, he sights on the pantel of the adjusting piece. The
0-3200 line on the aiming circle is now parallel to the howitzer
tube after firing the first round. He then lays the remaining
howitzers using the upper motion by commanding
PLATOON ADJUST, = AIMING POINT THIS
INSTRUMENT.

Note: Normally only one deflection will be read to
each howitzer, and the piece is laid.

(8) Internal battery communications (small-unit
transceiver, runners, or wire, whichever is the most expedient)
is estahlished.

(9) The remaining battery/platoon vehicles establish a
perimeter defense to the rear of the gun line.

¢. This method has advantages and disadvantages which
must be considered before its use.

(1) Advantages

(a) Firing capability with the adjusting piece is
immediate,

(b) Minimal preparation of position is required.
(2) Disadvantages
(a) Laying process is not as timely as other methods.

~(b) If boresight errors exist at adjusting piece, these
will be passed onto the remaining howitzers.
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EXAMPLE
Laying by Howitzer Back-Lay Method:

The firingg platoon receives an emergency fire mission while
en route to a new position and signals the convoy. The BCS
operator inputs the tar?et grid into a BCS. He determines
the azimuth of fire and the Initial firing data usm% the BCS
emergency fire mission procedures. He gives this information
to the FDO and the platoon leader. Upon occupation of the
position, the platoon leader aligns his vehicle in the general
direction of fire. The platoon leader then marks the azimuth
of fire for the adjusting piece by using a strip of engineer
tape approximately the same length as the weapon system.
This tape should have a wooden stake on one end’and a
nose plug on the other end. To mark the azimuth, the platoon
leader throws the nose plug in the direction of the azimuth
of fire, Then, using the MZ compass, he ahégns the tape on
the azimuth of fire by moving the stake end of the tape. At
the same time the platoon leader is marking the azimuth,
these other actions are taking place:

o  The platoon sergeant takes the aiming circle to the left
flank of the firing position. He ensures he has moved
far enough to the left rear of the weapons so that he is
beyond the point where the left flank howitzer will be
positioned. He then sets up the a|m|n% circle, levels it,
and is prepared to accept a referred deflection from the
adjusting piece.

o The chief computer positions the FDC vehicle so that
the rear of the vehicle is facing the gun line. This allows
the FDC to ohserve the state of readiness of the firing
sections and announce voice tire commands.

o The platoon leader (iumkly quides the,ad||ust|n piece
into position where the engineer tape is aligned along
the azimuth of fire. Self-propelled weapons drive
alongside the line, while towed howitzers are brought
in from the direction of fire and centered over the tape.

« The adjusting piece is laid on the target as soon as it
is aligned on the engineer tape. The FOC has provided
firing data (charge and quadrant) to the platoon leader.
These are announced to the adJUStInF R|ece, and the
f|r$ttround is fired. The gunner establishes an aiming
point.

o Asthead ustmlt% piece is pref)anng to fire the first round,
all other howitzers are Fu ling on line. POS.I'[IonIn.? IS
critical. Each chief of section must position his howitzer
s0 that his gunner can seethe aiming circle and where
the line of sight is not impaired for any other howitzer.

o  Immediately after the adjusting piece has tired the initial
round of adjustment, the platoon sergeant will command

NUMBER Sso-and-so gadd'ustinﬁ Tpiece) REFER,
AIMING POINT THIS INSTRUMENT.

 Upon hearing the above comment, the gunner—

- Using the azimuth knob, without moving the
tube, Totates the head of the pantel and sights
on the instrument (or objectf

- Checks the sight mount bubbles, cente_rinq
thetm as necessary, and rechecks the sigh
picture.

- Reads the deflection appearing on the azimuth
counter (M100-series pantels), azimuth and
azimuth micrometer = scales (M12-series
pantelsz, or azimuth main and micrometer
scales (L7A2 pantel).

- Announces NUMBER (s0-and-so), AIMING
POINT IDENTIFIED, DEFLECTION (SO

much).
Note: When rgferring to the second circle to verify initial
Iaty the gunner must ensure that the tube is on the azimuth
of fire before he uses the above procedures.

o  The platoon sergeant sets the referred deflection on
the upper motion of the aiming circle and with the lower
motion, sights on the pantel of the adjusting piece. The
platoon sergeant is now ready to lay the remaining
pieces of the platoon.

e FEach ﬁunner identifies the aiming point and receives
his deflection. The deflection is set off, the tube traversed
until his ling of sight is back on the aiming circle, and
the piece is laid. In the interest of time, there normally
are no rechecks. If the initial tarPet location was good
and if the platoon leader accurately laid out the azimuth
tape, the second volley may wellbe fire for effect.

 Anaiming point is established for each weapon.

o The platoon sergeant should remain at the aiming circle
durm? the firing of the mission in case a weapon must
be re-Taid or the lay of the platoon needs to be refined.

 The platoon leader, using his M2 compass, should
visually check the gun line to ensure that there is no
gross error in the lay of the weapons.

4-24. ESTABLISHING AIMING POINTS

a. During deliberate and hasty occupations, after the battery
has been laid, the crew of each piece sets up the collimator
and/or emplaces aiming posts hefore the tube is moved. The
deflection at which the aiming points are established is
recorded by each gunner. The direction in which the battery
is initially laid and the corresponding common deflection
are used as references from which the FDC can derive firing
deflections for future targets.

4-19
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Note: For further discussion on aiming points, see
paragraph D-4.

b. The collimator is the primary aiming point and is placed
4 to 15 meters from the sight of the weapon. When the
collimator is emplaced, 3 numbers (5, 0, 5) and 11 graduations
will be visible in the reticle. If possible, place the collimator
under cover to the left front or left rear of the weapon. See
Figure 4-17 for the proper sight picture.

¢. When aiming posts are used, the far aiming post should
be placed 100 meters from the howitzer and the near aiming
post should be placed 50 meters from the howitzer. If the
situation or terrain limits placing the far aiming post 100
meters from the howitzer, place it out as far as possible and
place the near aiming post halfway between the howitzer
and the far aiming post.

d. As soon as the platoon is laid and the aiming point(s)
Is (are) emplaced, the platoon leader should have the gunners
of all pieces refer to a distant aiming point if one is available.
A DAP must be at least 1,500 meters away. This DAP can
be used as the primary aiming point if something happens
to the collimator or aiming posts.

e. Close-in aiming points are moveable, established by
battery personnel, and can be seen at night. The DAP has
the advantage of being readily available upon occupation
of a firing position.

f. During an emergency occupation, it is recommended that
a distant aiming point be selected. If a DAP is not available,
then several other options can be used. Two examples are
as follows:

o Set up the collimator.

e Set up an aiming post at a point halfway between the
aiming circle and the pantel.

4-25. SAFETY AND VERIFYING
THE LAY OF THE PLATOON

a. Safety and verification of tasks by leaders are disciplines
that exist in the field artillery, regardless of whether operations
are performed in combat or in peacetime. For every task
that is performed, there is another person in a leadership

osition (section chief, platoon sergeant, platoon leader or

O, FDO, or BC) who Verifies the accuracy of the action
performed, This system of double checks is inherent in all
operations and is not to be considered a limiting factor in
prowdmﬁ timely fire support. Therefore, commanders must
ensure that their units have a system of independent safety
checks. These checks ensure that all cannon battery and
platoon operations (for example, FDC mission processing
and orienting howitzers for direction) affecting firing is
checked by someone other than the person who performs
the action. Though most independent checks take place
before missions are received, performing independent
checks is a continuous process and must be rigidly
enforced to ensure fires are timely, accurate, and safe.
These checks may include, but are not limited to, the
following:

o Verification of entered azimuth of lay (LCU or BCS)
by the FDO and the platoon leader.

o Verification of target grid.

o Verification of battery or platoon lay.

o Verification of AFCS data (Paladin units only).
o Verification of weapon location.

o Verification of met data.

b. During a deliberate occupation, the lay of a unit is verified
immediately following the verification or conduct of
boresighting. It is the “S” step in TLABSPAP. The unit
SOPs will specify the method and sequence of verifying
lay during an emergency occupation.

PANTEL
RETICLE

COLLIMATOR
RETICLE

7N
P+
Nl

NO DISPLACEMENT

PANTEL
RETICLE

COLLIMATOR
RETICLE

CORRECTED FOR
LEFT DISPLACEMENT

PANTEL
RETICLE

COLLIMATOR
RETICLE

=N
=

CORRECTED FOR
RIGHT DISPLACEMENT

Figure 4-17. Proper sight picture from the weapon
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c. After the platoon is laid, the platoon leader verifies the
lay by use of another M2A2 aiming circle referred to as
the verification circle. To verify lay of the platoon, the
following steps are taken:

(1) The platoon leader or designated safety officer sets
up and orients an M2A2 aiming circle by using a method
other than that used by the lay circle. However, in combat
situations, the BC may authorize the orientation of the
verification circle using the same method as the lay circle,
METT-T dependent. This aiming circle must be located
where it can be seen by all howitzers and should not be
any closer than 10 meters to the lay circle.

~ (2) The verification circle operator picks up a line of
mght on the lay circle. Then he commands, LAY CIRCLE
REFER, AIMING POINT THIS INSTRUMENT.The
lay circle operator will sight his instrument onto the
verification circle by use of the recording motion.

(3) If the lay circle and the verification circle deflections
are within 10 mils or as specified by local range regulations,
the instrument ogerator on the verification circle places the
deflection read by the\l/\a/y circle on the upper motion of
the verification circle. With the lower motion, he 5|§1hts

back on the lay circle. This serves to align the 0-3200 line

of the verification circle parallel to the 0-3200 line of the
lay circle.

Note: When an aiming circle is used to verify
another aiming circle for direction, the readings
between the two circle will be 3,200 mils apart (Figure
4-18).  This is because both circles measure
horizontal clockwise angles from the line of fire. To
prgvent confusion remember that, if you see red, read
red.

LINE LINE
OF FIRE OF FIRE

DEFLECTION

1 SAFETY]
DEFLECTION! cieci £

]
LAY -8 LINE OF SIGHT 1
CIRCLE | "
! 1

|

Figure 4-18. Orienting the verification circle

(4) The instrument operator on the verification circle
commands PLATOON REFER, AIMING POINT THIS
INSTRUMENT.  All gunners refer and announce the
deflection to the verification circle. If the deflection referred
by a howitzer is within that tolerance given in the local
range regulations, the operator on the verification circle
announces that the howitzer is safe. Once all howitzers are
safe, the operator announces THE PLATOON IS SAFE.

Note: When referring to the verification circle to
verify lay, the gunner must ensure that the tube is on
the azimuth of fire before he uses the above

d. The ﬁlatoon leader should walk the giun line and visually
check the tubes to ensure they are parallel. An M2 compass
s?(])culd also be used to ensure the tubes are on the azimuth
of fire.

4-26. MEASURING VERTICAL ANGLES

a. Normally, vertical angles (VAs) from the M2A2 aiming
circle to the howitzers are measured during advance party
operations. The VA and distance from the orienting station
to each howitzer are required by FDC to determine piece
locations in BCS or LCU. The aiming circle can also be
used to determine sight to crest at each howitzer during
advance party operations.

b. The VA to a point is measured from the horizontal plane
passing through the horizontal axis of the instrument (M2A2
aiming circle). It is expressed as plus or minus, depending
on whether the point is above (plus) or below (minus) the
horizontal plane. It is measured to the height of instrument
which is about chest high on the average individual at the
gun position. The steps for measuring a VA are as follows:

_ ﬁl)_Using the circular IeveIinF vial, ensure the aiming
circle is properly set up and leveled.

V) Usingi the elevation knob, center the upper tubular
leveling vial. This yields a correction factor to be applied
to all measured vertical angles.

(3) Read and record the corrections from the elevation
scale. If black numbers are used, the correction factor is
plus; if red numbers are used, the correction factor is minus.

(4) While measuring the subtense (used to determine
distance), elevate or depress the telescope to place the
horizontal cross hair of the aiming circle on the chest of
t5h(:eL équn guide. The subtense method is described in paragraph

-10a.
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(5) Read and record the value on the elevation and

Note: If there was not enough time to measure VAs
during advance party operations, the instrument
operator can align the horizontal cross hair at chest
level of a cannoneer during occupation. The key is to
measure the VA at a height that approximates
instrument height.

elevation micrometer scales to the nearest 1 mil.

(6) Subtract the correction (corr) factor from the readin
obtained in the preceding step. The result is the vertic
angle for that howitzer.

Table 4-2. Laying with the M2A2 aiming circle

Vertical angle

VA +7

(-]

FACTOR

READING

READING — +5

CORRECTION I_ -2

Reading (step (5))
Correction factor

5

TrTryrerrd

I T

EXAMPLE

Correction Factor

-2

+5 -5
+7 -3

CORRECTION FACTOR
OF -2

] -3VA

<

>

RN
o

>
llllllllllllllllll

6 +1
22 (2

-1

CORRECTION FACTOR
OF +2

[~ CORRECTION
™ FACTOR
—+2-IREADING
- +1

-8VA

g —IREADING

SEQUENCE MEMORY AID STEPS
Survey is Available
Do this first TFOOL (Take Math step:
the azimuth of Subtract the
Fire Out of the azimuth of fire
Orienting Line) from the azimuth
of the OL.

Do this second U Set the remainder
(OA) on the
upper motion.

Do this third L With the lower
motion, sight on
the EOL.

Do this last u With the upper
motion, sight on
the EOL.

Note: You must use the azimuih of the OL and the

azimuth of fire.

No Survey is Available

4-21. MEMORY AIDS

Tables 4-2 through 4-5 ﬁpage 4-24) show memory aids for
use in training personnel to lay the battery and/or platoon.

4-22

Do this first SAD (Subtract the | Math step:
Azimuth of fire Subtract the
from the azimuth of fire
Declination from the
constant) declination

constant (DC).

Do this second U Set the remainder
(instrument
reading) on the
upper motion.

Do this third L With the lower
motion, center the
magnetic needle.

Do this last ) With the upper
motion, sight on
the pantel of the
weapon.

Note: You must use the declination constant and the

azimuth of fire.
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Table 4-3. Laying with the M2 compass Table 4-5. Laying by the howitzer back-lay
method
SEQUENCE MEMORY AID STEPS
Do this first SAM (Subtract the | Math step: SEQUENCE | MEMORY AID STEPS
Azimuth of fire Subtract the
from the azimuth of fire Do this first Set up the aiming
Measured from the azimuth circle where it can
azimuth) measured to the be seen by all
weapon pantel. howitzers, and

Do this second Using the proper levet it
commands,
announce the
resulting Do this second Pantel After the adjusting
deflection to the L piece fires the first
weapon. Ays round, command

Do this last The weapon that You the gunner to refer
was laid by the tq the aiming
M2 compass will circle.
lay the rest of the
unit reciprocally.

Note: You must use the azimuth to the weapon measured Do this third U \Mth the upper

with the compass and the azimuth of fire. motion, place tt?e

referred deflection
Table 4-4. Laying by the aiming-point deflection g’r‘ctlge aiming
method '
SEQUENCE STEPS
MEMORY AID Do this fourth L With the lower

Do this first AP-BAF (azimuth | Subtract the back motion, sight on

to the Aiming azimuth of fire the pantel of the

Point minus the from the azimuth adjusting piece.

Back Azimuth of | to the aiming point.

Fire)

Do this second Using the proper Do this last U With the upper
commands, motion, lay the
announce the rest of the unit.
resulting
deflection to the

unit.

Note: You must use the azimuth to the DAP and the

azimuth of fire.

Note: Using the M2 compass, align engineer tape (with a
wooden stake at one end and a nose plug at the other) on
the azimuth of fire, and position the adjusting piece parallel

to the tape.
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Section VI
MEASURING AND REPORTING DATA

4-28. ACCURACY

a. The acc_urac%/ of lay is directly related to the method
used to orient the howitzers on the azimuth of fire and the
alignment of the fire control equipment.

b. Measuring and reporting data provides us with a method
of correction for errors in the lay. The FDC may require
a check of weapon direction be made. Normally this check
is made after a registration or after survey control is
established. It serves to—

o Check the data fired.
e Check the accuracy of lay.
¢. Weapon direction may be verified by-
o Reporting the correct deflection.
e Measuring the azimuth.
o Measuring the orienting angle.

d. Reporting will reveal any sloppy procedures being used
by the gun crews, such as failure to level the bubbles and
improper sight picture. Measuring provides a check on the
accuracy of the lay.  These checks must be made before
END OF MISSION is received at the firing weapon.

4-29. BACKWARD AZIMUTH RULE

a. The backward azimuth rule is a mathematical relationship
used to apply equal changes in angles used in the laying
process. This rule establishes the relationship between three
elements as follows:

An increase in deflection causes an equal decrease in
azimuth and an equal increase in orienting angle. A
decrease in deflection causes an equal increase In azimuth
and an equal decrease in orienting angle.

b. Using this rule and assuming that there are no errors
in the lay of the weapons, weapon direction may be verified.

4-30. REPORTING THE
CORRECT DEFLECTION

Upon completion of a mission, and before announcing END
OF MISSION the FDC may request that the executive officer
or platoon leader report the correct deflection. To report,
the XO or platoon leader—

o ' Goes to the weapon.
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o Checks the level of the bubbles (centers if necessary).

e Checks for the correct sight picture (corrects if
necessary).

o Reads the deflection from the pantel.

CAUTION

When making corrections to the sight picture or leveling
the bubbles, the tube must not be moved.

o Reports the deflection read from the pantel to the FDC
as CORRECT DEFLECTION (so much).

EXAMPLE

Your platoon (M109A3, 155-mm SP) is laid on azimuth 5000
orienting angle 0600), with a common deflection of 3200.
fter firing a registration, FDC requests that the platoon
leader report the azimuth or orienting angle. Thedplatoon
|eader comﬁ)letes the reﬂmred check sand reports CORRECT
DEFLECTION 3250. He then does the following:

Determines the change between the common deflection
and the correct deflection. (Common deflection= 3200;
correct deflection= 3250; increase = 50 mils.)

Applies the difference according to the backwards
azimuth rule o determine the azimuth tired. gDefI ction=
+50 mils; azimuth=50; mils; 5000 - 50 = 9503

Reports CORRECT AZIMUTH 4950.

4-31. MEASURING THE AZIMUTH
OF THE LINE OF FIRE

a. If a gun fires out of safe, the platoon leader or XO ma:
wish to determine the azimuth at which the round was fired.
This is the most common reason for measuring the azimuth
of the line of fire. Another reason is that a unit may use
a less desirable method of lay and then improve this method.
An example would be a unit that lays by the \R/I’Id azimuth
method because there is no survey control. When survey
closes, the unit will want to know if the azimuth of fire it
has been firing on is different from the or|?|nally intended
azimuth of fire. There are two methods of measuring the
azimuth of the line of fire. The difference depends upon
whether or not survey control is available.
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b. If the line of tire is being measured following a firing
incident, the crew of the howitzer in question will not move
the tube but will 3|mlply refer to the aiming circle. If, on
the other hand, the platoon leader wishes to measure the
azimuth of fire, he must first ensure that the tube of the
howitzer being measured is at lay deflection.

C. These steps are performed first, regardless of whether
or not survey control is available:

(1) The aiming circle operator—

o Orients the 0-3200 line generally parallel to the tube
of the weapon.

e Commands NUMBER 'Sso-and-so REFER,
AIMING POINT THIS INSTRUMENT.

Note: Memorﬁ aids for measurin2g and reporting are
in tables 4-6 through 4-8, page 4-28.

_ SZ) The gunner measures the deflection to the aimin
circle without mOV|'r\1/|g his tube and announces NUMBE
go-and-so . AIMING  POINT  IDENTIFIED,

EFLECTION (so much).

(3) The aiming circle operator—

o Sets the announced deflection off on the upper
(recording) motion of the aiming circle.

Note: If the weapon has an M12-series sight, the
referred deflection may have to be set on the aiming
circle by using the red numbers. A general rule is that

if a weapon with an M12-series sight is left and
forward of the aiming circle, red numbers are used
when reading the aiming circle to lay the howitzer.

o With the lower (nonrecording) motion, sights in on
the panoramic telescope.

Note: The 0-3200 line of the aiming circle is now
parallel to the tube of the firing weapon.

(4) The final step at the aiming circle depends on whether
survey control is available. If it is not available, follow the
steps in subparagraph d below. If it is available, follow
those in subparagraph e below.

d. The following is the final step if survey control is not
available:

(1) The platoon leader, with the upper (recording)
motion, floats and centers the magnetic needle.

Note: Since the magnetic needle is being used, the
aiming circle must be declinated and set up away

from magnetic attractions.

éZ) The value now on the upper motion is the instrument
reading. Subtract the instrument reading from the declination
constant. The difference is the azimuth of the line of fire
Sag of the LOF). For a memory aid, see Table 4-6, page

EXAMPLE

Your M198 platoon conducted an emergency occupation
using the howitzer backlay method to lay on an azimuth of
tire of 0900. You, were instructed to stay in position and
continue answering calls for fire. The platoon is at end of
mission, and all howitzers have returned to their lay
deflections. You go to the alm%cwc_le and measure an
instrument reading of 5750. The aiming circle has a
declination constant of 0300. Your final step’is to solve for
the azimuth of the line of fire.

DC(+6400 if needed)- IR=az of the LOF
(0300+6400)-5750=0950

Your platoon howitzers were initially laid on 0950, but gour
BCS or LCU currently has an azimuth of fire entry of 0900.
You have two options at this point

o Leave the platoon laid on 0950, and have the FDC
correct the computer entries for azimuth of fire and
piece locations.

. Re-IaB the platoon on the originally intended azimuth
of 0900,

Note: The first option requires less time and effort
and is thus normall ﬁreferred if the tubes were laid

parallel. However, if the unit was laid by an alternate
method of lay where the tubes are not truly parallel,
then re-laying would be preferred.

e. If survey control is available, the following is the final
step:

(1) The platoon leader with the upper (recording)
motion, sights in on the end of the orienting line.

32) The value now on the upper motion is the orienting
angle. Subtract the orienting angle from the azimuth of the
orienting line. The difference is the azimuth of the line of
fire. For a memory aid, see Table 4-7, page 4-28.

4-25



FM 6-50. MCWP 3-1.6.23

EXAMPLE

Your battalion FDC has instructed you to continue fmng from
your present position. A survey team is on its way to put
you on common survey. In préparation, you place an OS
marker directly below the aiming circle plumb bob. You also
establish an EOL at least 100 meters away. Upon closing,
the survey team provides you with a Hrld to your OS and an
azimuth to the EOL of 5,363 mils. With the howitzers at their
lay deflections, you now measure the OA of 4400. Your
final step is to solve for the azimuth of the line of fire.

OL (+ 6400 if needed%- OA =3z of the LOF
5363-4400=0963

Your platoon howitzers have been laid on 0963 all along.
You have two options at this point;

 Leave the platoon laid on 0963, and have the FDC
Icorr?_ct its computer entries for azimuth of fire and piece
ocations.

« Re-lay the platoon on the originally intended azimuth.

Note: The first option requires less time and effort
and is thus normally Ereferred if the tubes were laid
t

parallel. However, if the unit was laid by an alternate
method of lay where the tubes are not truly parallel,
then re-laying would be preferred.

4-32. CORRECTING BORESIGHT ERROR

a. If the battery or platoon is to deliver accurate fire, the
boresight of the weapon must be correct, Boresighting is
the process of ensuring that the optical axis of the weapon
sights are parallel to the cannon tube. The primary methods
of boresighting are the distant aiming point, test target, and
standard angle.

(1) If a howitzer is not in boresi%ht, the tube is
disoriented in relation to the amount of boresight error. If
the sight is off to the right, the tube is disoriented by that
amount to the left. If the sight is off to the left, the tube
reflects that error to the right.

(2) Once a weapon is properly boresighted, the
deflection to an aiming point (aiming circle or collimator)
Is reestablished. The angle (deflection) between aiming point
and pantel has not changed from when the weapon was
laid. The entire angle has simply rotated by the amount of
horesight error.  Since the angle has not changed, the
deflection recorded to the aiming point is set off on the
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?antel and the tube is traversed onto the aiminngoint.
he relationship made at the time of lay is now reestablished.
Itis improper, after correcting for boresight error, to move
(or fine tune) the aiming point to the tubein relation to
tr]!el deflection (numbers) originally established at the time
of lay.

b._Emer?enc% occupation of a firing position may require
firing before oremﬂht is verified and any error is corrected.
In such cases, the howitzers must verify horesight as soon
as possible. If this verification discloses an error (the 0-3200
line of the pantel and the howitzer tube are not parallel) the
platoon leader takes corrective actions after measuring the
error and reporting it to the FDC.

¢. When a deflection is read from the pantel or when an
azimuth is measured, the deflection or azimuth determined
is that of the 0-3200 line of the pantel as read from the
azimuth counter. When the FDC requests the platoon leader
to MEASURE THE AZIMUTH, the azimuth requested is
that of the howitzer tube. If the howitzer is out of boresight,
the data derived is inaccurate by the amount of the error.

Note: If the howitzer in question was used to lay the
aiming circle or the rest of the howitzers, the other
howitzers are out of lay by the amount of error found.

The platoon leader should take corrective action to
orient them on the correct azimuth of lay (after all
howitzers have verified foresight).

d. Boresight is verified as discussed below.
(1) Howitzers with an alignment device.

(a) The azimuth counter (not the reset counter) and the
appropriate alignment device are used when verifying boresight.
The numerical error of horesight can be determined from the
azimuth counter. The amount of error is the difference between
the required deflection for the alignment device (according to the
-10 manual) and the deflection read (on the azimuth counter) once
the vertical hairline has been aligned.

_(b) The backwards azimuth rule will be used to
determine the correct azimuth of the howitzer tube.

(c) Once the error has been measured and reported the
pr!atoon leader directs the following actions to be taken to correct
the error.

o Boresight the weapon.

o Correct the azimuth of lay and piece location in
the FDC or re-lay the piece.
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(2) Howitzers without an alignment device.

_ @ The azimuth scale (nonslipping) is used during
boresighting. The tube is pointed at the a|r_n|n% Pomt when a
DAP or test tar?et IS used. If the sight is pointed to the right of
the aimin ?om the tube is pointed to the left of the 0-3200 line
of_5|%ht. efore this correction is made, any azimuth measured
will eqreaterthan the azimuth of the tube and any orienting
angle will be smaller than the true orienting angle. (The opposite
relationship also exists.)

. gb) The amount of error is determined by referring the
sight to the almln% point and reading the deflection. This deflection
is compared with the deflection used for boresighting and the
difference is the amount of error in boresight. The XO applies
the appropriate correction for the boresight error to the measured
azimuth or orienting angle prior to re(onrtlng to the FDC. He
corrects the lay of the pieces as required.

4-33. TRAINING

Training in the proper methods of determining and reporting
data should be part of tralnln? ﬁersonnel to lay the platoon.
Tables 4-6 through 4-8 will help personnel remember
procedural steps. These procedures are performed with the
aiming circle and the howitzer pantel.

Table 4-6. Measuring the azimuth (without survey
control)

SEQUENCE
Do this first U

MEMORY AID STEPS

Place the deflection
read to you from the
howitzer on the upper
motion of your aiming
circle.

Do this second| L With the lower motion,

sight on the howitzer

Table 4-7. Measuring the orienting angle
(with survey control)

SEQUENCE MEMORY AID STEPS

Do this first U Place the
deflection read to
you from the
howitzer on the
upper motion of
your aiming
circie.

Do thissecond L With the lower
motion, sight on
the howitzer
pantel.

Do this third U With the upper
motion, sight on
the EOL.

Do this fourth SOL (Subtract Math step:

the Orienting Subtract the

angle from the orienting angie

orienting Line) (on the AC) from
the azimuth of the
orienting line.

Do this last Report the

measured
azimuth to the
FDC.

Note: You must use the deflection given to you from the

hnawitzar

pantel.
Do this third | U With the upper motion, Table 4-8. Reporting
center the magnetic SEQUENCE STEPS
needle.
Do this first Go to the howitzer.
Do this fourth | SID (Subtract the | Math step: o i Trs 010 The howtzer
Instrument Subtract the Do this second | Check to ensure that the bubbles on the
reading from the | instrument reading (on sight mount are level. If they are not,
Declination the AC) from the level them with the leveling knobs.
constant) declination constant. Do this third Check the sight picture. If incorrect,
Do this last Report the measured correct it by moving the head of the
azimuth to the FDC. pantel only. Do not traverse the tube.
Note: You must use the deflection given to you from the Do this last Read and report the deflection on the
howitzer and the declination constant. pantel.
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CHAPTER 5
HASTY SURVEY TECHNIQUES

Section |

SURVEY CONTROL

5-1. REQUIREMENTS

a. Common survey reduces the amount of survey error
between fire units. Although the survey may contain errors,
survey related error is considered to be constant. Common
survey is required to accurately mass fires.  Normally,
accurate survey data are provided as time and the tactical
situation permit. However, sometimes accurate survey data
are not available. Errors in firing, due to a lack of survey
control, can be eliminated by registration.  However,
registrations may not be possible or practical due to security
and ammunition considerations. ~ Consequently, battery
supervisors must be proficient in the use of the hasty survey
techniques described in this chapter. Thus, they can provide
their own survey control, effectively mass fires, and deliver
effective unobserved fires.

b. If accurate survey data are not available, the procedures
described in this chapter will enable firing units to establish
acceptable survey control.

5-2. ELEMENTS OF SURVEY CONTROL

a. The three elements of survey control are direction,
location, and altitude.

(1) Direction. This is the most important element of
common survey. The inherent error is directly related to
the range to each target. The mil relation formula states
that 1 mil of error in direction at 1,000 meters will result
in a lateral deviation from the target of 1 meter.

EXAMPLES
A1 mil error at 10,000 meters will result in a deviation
from the target of 10 meters.

A 10 mil error at 10,000 meters will result in deviation
from the target of 100 meters.

An error such as the one in the last example will cause the
rounds to have little, if any effect on the target. (See paragraph
D-9)

(2) Location. Accurate location of the firing unit is
second in order of importance. When higher order survey
techniques are used to establish the tiring unit location, a
high degree of accuracy is assured. An alternative is to
estimate, by map spot, the location of the firing unit. If
the unit’s position is map;s‘ootted, for example, 200 meters
too far to the east, the initial rounds will impact 200 meters
to the east of the actual location of the target.

(3) Altitude. Altitude is the last of the three elements

of survey control. If not established by formal survey

E)_rocedures, it must be obtained through the use of contour

ines on the map sheet covering the area of operations.

Generally, a map spotted altitude introduces only a minor
error into the computation of site.

b. The hasty survey techniques discussed in this chapter
fall into two categories-directional control and determining
location.

5-1
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Section 1l
DIRECTION

5-3. SIMULTANEOUS OBSERVATION

a. Simultaneous observation (SIMO) of a celestial body is
a fast and easy method of transferring directional control.
It is ideally suited for field artillery units, because many
units can be placed on common directional control in minutes,
The principle of simultaneous observation is that any celestial
body is so far away that, for practical purposes, the lines
of sight to it from two or more points on the surface of the
earth are parallel (Figure 5-1).

Note: For units equipped with BUCS revision 1
ROMs, a similar technique know as a hasty astro will
ﬁrowde accurate directional control. A hasty astro

as the advantage of not requiring a master station or
radio  communications as  the simo  does.
Step-by-step procedures for conducting the hastg
astro technique are listed in FM 6-2 and in the BUC
revision 1 job aids (ST 6-40-31).

b. During daylight, the sun is used for observation. At
night, any predetermined celestial object may be tracked.
Simultaneous ohservation requires the following:

o Clear weather that permits observation of a celestial
object.

e Communications between the master and the flank
stations.

° Kr]ov)vn directional control (a grid azimuth to known
point).

o Distance between the master and flank stations cannot
exceed 26 km (distances greater than 26 km may result
m_leS(ceedmg hasty survey direction tolerances of +2
mils).

¢. Procedures for the conduct of a SIMO are;

(1) The point having known directional control (a grid
azimuth to a known point) becomes the master station. It
can be occupied by survey personnel or personnel from the
flrln?_ unit. All positions requiring the establishment of
directional control become flank stations.

CAUTION
Place the sun filter over the aiming circle eyepiece
before tracking the sun.

(2) The M2A2 aiming circle at the flank station is set
up to observe the _prearran%ed celestial object. It becomes
the orienting station for the tiring unit. If the SIMO is
prearranged, the flank station can maintain radio silence
during the procedure.

AZIMUTH

MARKER

MASTER §
STATION

TRACKING, TRACKING,
TRACKING, TRACKING,

COMMUNICATIONS N8,

STATION

Figure 5-1. Simultaneous observation

5-2
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f) The specific steps for the master station and the
flank station(s) and sample radio communications for SIMO
are shown in Table 5-1.

5-4. POLARIS-KOCHAB METHOD

a. Observation of Polaris is another technique for
establishing directional control to within 2 mils. It is simple,
fast and has the distinct advantage of requiring no radio or
wire communications.  The instrument operator must be
trained in finding the stars Polaris and Kochab, which are
in the constellation known as Ursa Minor (Little Dipper).

(1) Polaris. Polaris is one of the two brightest stars in
the constellation Ursa Minor. Because it appears to move

Table 5-1.

in @ small elliptical orbit about the North Pole, it is commonly
referred to as the North Star. Polaris is the in the
handle of the Little Dipper as shown in|Figure 5-4, page
5-4. Two stars in the bowl of the Big Dipper actually point
toward Polaris and are called the Pointers.  Polaris is
anrommater five times the distance between the Pointers
along an imaginary line from the Big Dipper. On the side

opposite the Little Dipper is the constellation Cassiopeia,
which looks like a lazy W.

(2) Kochab. The second star needed to perform the
observation is Kochab, which is the other bright star (as
bright as Polaris) in the Little Dipper. It is the front star
of the bowl and is the only bright star between Polaris and
the Big Dipper. Of the two front stars in the bowl of the
Little Dipper, Kochab is the brighter and the closer to Polaris.

Simultaneous Observation Procedures

MASTER STATION

FLANK STATION(S)

STEP 1. Set the known azimuth value on the instrument scale
(upper [recording] motion), and sight on the known point or azimuth
mark with the lower (nonrecording) motion.

STEP 1. With the upper motion, set 0.0 mils on the aiming circle.

STEP 2. Using the upper motion, identify and sight on the
predetermined celestial object.!

THIS IS NOVEMBER 38, START TRACKING, OUT.

STEP2. Contactthe master station, and report thatyou are ready
to observe.

NOVEMBER 38, THISISNOVEMBER 37, READY TOOBSERVE,

sy srm—

UVEK.

STEP 3. Using the upper motion, track the celestial object and
announce TIP.?

THIS IS NOVEMBER 38, TRACKING, TRACKING, TRACKING,

TID NOLIT
Iy Wi,

STEP 3. With the lower motion, sight on and track the celestial
object until the master station announces TIP.

STEP4. Readthe azimuthtothe celestial object from the azimuth
scale, and announce it to the flank stations(s).

THIS IS NOVEMBER 38, AZIMUTH 3741.5, OVER.

STEP 4. Depress the telescope of the aiming circle, and place
the EOL squarely along the aiming circle line of sight at least 30
meters away from the OS. Record the azimuth that is announced
by the master station.

STEP 5.
for verification.

Reneat stens 2 and 3, and determine a second angle
D P , ar rmine a second angle

L SIOpY & Gt W e LTRT !

THIS IS NOVEMBER 38, TRACKING, TRACKING, TRACKING,
TIP, OUT.?

STEP 5. With the upper motion, track the celestial object until
the master station announces TIP.

STEP6. Determinetheclockwiseangle(thecheckangle)between
the first and second azimuths. Announce the check angle to the
flank station(s).

THIS IS NOVEMBER 38, CHECK ANGLE 2 MILS, OUT.

STEP 6. Read the angle that was measured (read the horizontal
scale), and copy the check angle from the master station.

STEP 7. Ensure thatthe check angle from the master station and

A vt o -
the horizontal scale of the aiming circle agree within £2 mils, the

azimuth to the EOL is the azimuth that was recorded in step 4. If
the check angle is out of tolerance, the entire procedure must be
repeated.

1 half visible to the naked eye.

2 TIP = telescope in place

1 Sight on the center mass of the celestial object. With the M2A2 aiming circle, you can see celestial objects even when they are only

3 The second TIP on the celestial object serves to verify the accuracy of the orienting line.
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FACE NORTH AND HOLD THE
CHART IN FRONT OF YOU SO
THAT THE CURRENT MONTH

IS FACING NORTH. THE
CONSTELLATIONS ARE NOW AS
THEY WILL APPEAR DURING
THAT MONTH AT 2200 HOURS.

TO SEE HOW THEY WILL
APPEAR EARLIER, TURN THE
CHART CLOCKWISE. FOR A
LATER TIME, TURNIT
COUNTERCLOCKWISE. ONE-
QUARTER TURN WILL
INDICATE HOW MUCH THE
POSITIONS WILL CHANGE
DURING A 6-HOUR PERIOD.

LITTLE DIPPER AUG

Sep
WM
S DELTA URSAE MINORIS o
>
¥ 43H CEPHI *\*
*~ % /1 v * %
% * )

*.

~

> 3 *

2 /;(» KOCTV
&

*
\x/* POLARIS
%

¥’

‘X‘(
] @34 CASSIOPEIA

THE POINTERS
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Figure 5-2. Star locations

b. For rough orientation of the aiming circle, the operator
first sets the declination constant on the upper motion and
centers the magnetic needle with the lower motion. Next,
he determines his latitude, to the nearest degree, from a map
and converts it to mils by multiplying by 18. He then sets
this value on the elevation scale of the aiming circle. This
should place his line of sight very close to Polaris. As
instrument operators become more proficient at identifying
Polaris through an aiming circle, they can eliminate this
orientation procedure.

¢. To establish the orienting line, the horizontal clockwise
angle from Kochab to Polaris is measured. Then the true
azimuth is extracted from the appropriate table and the true
azimuth is converted to a grid azimuth. The steps for
establishing direction by observing Polaris are as follows:

(1) Measure the angle.

" (a) Set up and level the aiming circle over the selected
point.

I (h) Using the upper motion, set 0.0 mils on the azimuth
scale.

(c) Place the vertical cross hair of the instrument on
Eocgab using the lower motion and the elevation micrometer
nob.

_(d) Turn the azimuth micrometer knob (upper motion)
clockwise until the vertical cross hair is centered on Polaris. (The
telescope may have to be elevated or depressed.)

~_ (¢) Read the value on the azimuth scale to the nearest
mil. (This Is the entry value used to enter Tables 5-2 through 5-5,
pages 5-5 through 5-8.)
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~ (f) Depress the telescope to ground level. Emplace an
alm_m(]; post, at least 30 meters, along the line of m% t of the
vertical cross hair line. This will serve as the EOL, and the aiming
circle becomes the OS.

(2) Extract the true azimuth to Polaris.

(a) Select Table 5-2, 5-3, 5-4, or 5-5, whichever pertains
to the latitude closest to that of the instrument operator. If the
instrument operator’s location is exactly half-way between the
latitudes listed on any two tables, either table may be used.

(b) Enter the appropriate table on the left side with the
value from the upper mation of the aiming circle. Visually
interpolate, if necessary, by using the value from (L)(e) above.

(c) Determine whether to intersect with Graf)h_ 1
SK_ochab is below Polaris) or Graph 2 (Kochab is above Polaris).
f in doubt, compare the vertical angle of the two stars.

(d) From the intersection of the measured angle from
Kochab to Polaris on the appropriate %raph, read the true azimuth
to Polaris from the bottom of the table. Interpolate for
odd-numbered values.

(3) Convert true azimuth to grid azimuth.

ﬁ) Determine the grid convergence (the angle between
true north and grid north) in mils, from the map sheet for the area
of operations; or obtain it ii-em the survey section.

o (b%Convert the true azimuth to grid azimuth as shown
in Figure 5-3.

() This computation results in the determination of the
grid azimuth from the OS to the EOL.

IF TRUE NORTH IS ON THE

IF TRUE NORTH IS ON THE LEFT OF GRID NORTH,
RIGHT OF GRID NORTH, ADD SUBTRACT THE GRID
THE GRID CONVERGENCE CONVERGENCE FROM
TO THE TRUE AZIMUTH TO THE TRUE AZIMUTH TO
POLARIS. POLARIS.
GN [ (] Pl
* * A—43

GRID
TRUE GRID
NORTH / TRU \
/ NORTH NORTH NORTH

MEMORY AID: “TRALS" TRUE ON RIGHT, ADD; LEFT, SUBTRACT.

Figure 5-3. Application of gﬁd convergence (Polaris-Kochab)

5-5
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Table 5-2. Polaris-Kochab, determining true azimuth, 20° north latitude

ENTER TABLE ON LEFT WITH MEASURED ANGLE FROM KOCHAB TO POLARIS.
READ RIGHT TO GRAPH 1 OR GRAPH 2. THEN READ DOWN TO DETERMINE
325 TRUE AZIMUTH TO POLARIS.I |
300 POLARIS
] ] .
2 »x<—KOCHAB
-.:f Pacy /*‘;‘\i I R / |
2350 pr— *'\ /‘" /T\*—‘ 7 \¥/T /ﬂ
n 225 ¥ * 7
- A /
e TUN
o * ¥, /
- 175 KOCHAB + , '\ 1 4
= ¥ x«—KOCHAB V' | A
o 150 \4(
o /
S 125 -
g 7
X 100 4 /
£ IF KOCHAB IS BELOW POLARIS, USE GRAPH 1. /
o) 75
& /
o 50 v4 4
2 V4 4
< 20°N LATITUDE /
o 0
£ / %
£ 6375
© 6350
© 6325 GRAPH 17 ,/ —teee |
g i IF AOUUHAB IS ABOVE
C 6300 USE GRAPH 2,
2 /) |
‘= 6275 £ GRAPH 2 —1
S A1 1Y
T 6250 ’*\
/ KOCHAB— % ; KOCH!
6225 W,
/ Y, 1
6200 - 7 - "" ‘\-
6175 | 4
/* Wa 7
6150 = *~*\ x
6125 £ ?’i T l"’ =%
5100 / KOCHAB+—POLARIS
6075 !
3 82 2 TS E P OoONT SO ® O N T O
8 8 22838382288

True Azimuth to Polaris
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Table 5-3. Polaris-Kochab, determining true azimuth, 35° north latitude

Horizontal Clockwise Angle from Kochab to Polaris

ENTER TABLE ON LEFT WITH MEASURED ANGLE FROM KOCHAB TO POLARIS. y
350 READ RIGHT TO GRAPH 1 OR GRAPH 2. THEN READ DOWN TO DETERMINE
12§ TRUE AZIMUTH TO POLARIS.
P11
300 POLARIS
| | ~ /
275 — x<+—KOCHAB
/ \ P \¢ | * \ /,
250 ‘i—#’ % /
225 y,
175 KOCHAB * /
X *4— KOCHAB /
150 \/
125 /
100 4
IF KOCHAB IS BELOW POLARIS, USE GRAPH 1. / /
75
o /
25 - /
35°N LATITUDE /
[0}
/ /
6375 Zl
6350 / //
6325 GRAPH 117
/ /
6300
6275 GRAPH 2 / :::SKEOC(:‘:::I?Hli ABOVE POLARIS, |
1
6250 / 1
6225 A /\
/ KOCHAB —» %
6200 \*/
/ / \ KOCHAB
2 X
6150 l X
*
6125 / // N \*/!l\ *< */ 7/
6100 . & e St = w7 W
/ T POLARIS
6075
so50 / KOCHAB
S 28 3 88 3§ § 3 &t 0 ®»o @ v
™ o ™ [y2] [3e] [32] ™ ™
[7-1 (7=} ©0 -] @ [F-] [7-] @0 [*-]

True Azimuth to Polaris
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Table 54. Polaris-Kochab, determining true azimuth, 42° north latitude

475

ENTER TABLE ON LEFT WITH MEASURED ANGLE FROM KOCHAB TO POLARIS.

450 ""TREAD RIGHT TO GRAPH 1 OR GRAPH 2. THEN READ DOWN TO DETERMINE

00 l || POLARIS

4251 TRUE AZIMUTH TO POLARIS.
] l L]

375 —l-*_,‘J —|——-* 2 & KOCHAB GRAPH 2
350 Fg—n’\

325 GRAPH 1
300

275 KOCHAB_

250 \1

225
/

175
/

200
IF KOCHAB IS BELOW POLARIS, USE GRAPH 1. //

150
125

100 4

75
42°N LATITUDE / 4

50
25 17[

6375 4 /

6350 /I
6325 GRAPH 1

6275 - GRAPH 2

Horizontal Clockwise Angle from Kochab to Polaris

IF KOCHAB IS ABOVE POLARIS,
USE.GRAPH 2.

6250

6225 74 / |*

6175

/
6200 Z Vil KOCHAB-—;P*\\,"

8150 ﬂ e \.
8125 |

»

/ /*\ st /7 }
6100 7 ¥ N Ih*\ A /\
6075 * — =

w050 / t POLARIS

6025
6000

6380
6382
6384
6386
6388
6390
6392
6394
6396
6398
1

True Azimuth to Polaris
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Table 5-5. Polaris-Kochab, determining true azimuth, 50° north latitude

Horizontal Clockwise Angle from Kochab to Polaris
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5-5. POLARIS 2 METHOD

Polaris 2 is a hasty survey technique used to establish accurate
direction. It is simple, fast and has the distinct advantage
of requiring no radio or wire communications. The
instrument operator, however, must be in the Northern
hemisphere and must be able to locate the stars 43H Cephei,
Polaris, and Delta Ursae Minoris (Figure 5-2, page 5-3).

Note: The Polaris II reticle will exceed its original
service life in January 1996. In January 1996, the
accuracy is 2.5 mils. The reticle can still be used, but
the accurac%/ is degraded 0.1 mils each year after
January 1996.

The procedures for establishing direction by the Polaris 2
method are as follows:

a. Locate the stars.

1) Locate Polaris by using the procedures in paragraphs
5-421()1) or 5-4b. yISIGTE paarep

~ (2) To locate Delta Ursa Minoris and 43H Cephei, the
instrument operator may have to reduce the light intensity
in the telescope. The three brightest stars appearm? in his
field of view will be Polaris, 43H Cephei, and Delta Ursa
Minoris. When Polaris is used as the vertex, the angle formed
by Delta Ursa Minoris and 43H Cephei is about 1,800 mils
(Figure 5-4). This relationship remains the same and rotates
counterclockwise at about 150each hour.

LIMIT FIELD
OF VIEW

0 203040 50 6070 B0

Bl
80(70 605040302010 | =
\ =50 4
\rw/
=70
= DELTA URSAE
43H CEPHEI MINORIS

Figure 5-4. Polaris 2 with stars in tangent
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b. Establish direction.

(1) Determine the grid convergence (the angle between
true north and grid north) in mils, from the map sheet for
the area of operation or from a survey section (Figure 5-5,
page 5-10). Record this information.

(2) Set up and level the aiming circle over the selected
point.

(3) Using the azimuth micrometer knob (upper motion),
set the grid convergence on the azimuth scale (Figure 5-5).

(4) Using the elevation micrometer knob, set the
predetermined elevation to Polaris (paragraph 5-4b) on the
elevation scale.

(5) Using the orienting knob (lower motion), sight on
Polaris. Ensure that the grid convergence remains correctly
set on the azimuth scales.

(6) When Polaris is in the field of view, use the elevation
knob and lower motion to place the stars on their respective
circles as shown in Figure 5-4. There is no specific point
on the circle on which the stars must be positioned. (The
actual location of the stars on the circle depends on the time
of year and the time of observation.)

(7) Emplace an aiming post, at least 30 meters from
the aiming circle, at the desired location of the EOL.

(8) Using the elevation knob, lower the telescope. Use
the upper motion to rotate the instrument clockwise until
the vertical hairline is centered and at the lowest visible
point on the aiming post.

(9) Read the azimuth to the nearest 0.5 mil directly
from the azimuth scales.

(10) Using the procedures in paragraphs (3) through
(9) above, determine a second azimuth to the EOL.

(11) The two azimuths determined to the EOL must
agree within £2 mils. If the two azimuths agree within
these limits, determine the mean grid azimuth. This is the
grid azimuth to the EOL.
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IF TRUE NORTH IS ON THE RIGHT, SET THE
GRID CONVERGENCE ON THE AZIMUTH

SCALE.
GN
GRID TRUE
NORTH NORTH

v

IF TRUE NORTH IS ON THE LEFT, SUBTRACT THE
GRID CONVERGENCE FROM 6,400 MILS AND SET
THE VALUE ON THE AZIMUTH SCALE.

GN
TRUE GRID
NORTH NORTH

\

Figure 5-5. Convergence rules (Polaris 2)

5-6. DIRECTIONAL TRAVERSE

a. Directional traverse is another means of transferring
azimuth from one point to another. It gives more accurate
results than scaling an azimuth from a map or floating the
needle of an aiming circle. However, it should be used
only when conditions prohibit the use of the simultaneous
observation, Polaris-Kochab, or the Polaris two-reticle

method. The only fieldwork required is to measure horizontal
clockwise angles at each of the traverse stations (Figure
5-6). At the occupied station (Point A), these angles are
always measured from the rear station clockwise to the
forward station (Point B). At Point A, the azimuth to an
azimuth mark (EOL) is known. The azimuth from A to B
can be found by measuring the angle at A and adding that
angle to the known azimuth from A to the azimuth mark.

T)RWARD STATION
B

800.0 MILS
OCCUPIED STATION

N

,000

AN
MANUL

MILS STATION
[ =4
- \A_/

AZ FROM POINT A
TO AZ MARK

+ STATION ANGLE
AZ TO FORWARD
STATION (A TO B)

800.0 MILS
5,000 MILS

5,800 MILS

REAR
STATION

KNOWN
AZIMUTH

Figure 5-6. Fieldwork requirements for directional traverse
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b. The number of stations in a directional traverse should
be kept to a minimum to minimize the loss of accuracy.
The only limiting factor on the length of a traverse leg is
line of sight. The directional traverse should be planned
s0 that the final forward station is the orienting station for
the battery or platoon. The orienting line then becomes the
back-azimuth of the last leg.

c. At battery or platoon level, angles are measured with
the M2A2 aiming circle to the nearest 0.5 mil. Each angle
that is measured degrades the accuracy of the initial azimuth
by 0.5 mil. For example, a directional traverse requiring
four angles to establish the azimuth to the EOL would have
an accuracy of £2 mils. The steps for conducting a directional
traverse are as follows:

(1) Set up and level the aiming circle over the occupied
station.

(2) With the upper motion, set 0.0 mils on the aiming
circle.

(3) With the lower motion, sight on the known reference
point (rear station).

(4) With the upper motion, measure the angle to the
unknown point (forward station). Read this first reading to
the nearest 0.5 mil, and record it.

(5) With this reading still on the scales, sight again,
using the lower motion, on the known reference point (rear
station).

(6) With the upper motion, again measure the angle
to the forward station. Read this second reading to the nearest
0.5 mil, and record it.

(7) Divide the second reading by 2 to determine the
mean angle. If the second reading is smaller than the first
reading, 6400 mils must be added to the second reading
before dividing by two. Express the quotient to the nearest
0.1 mil. The mean angle must agree with the first reading
within 0.5 mil. If it does not, the angle must be remeasured.
The mean angle is the angle used in the computation of the
directional traverse and is referred to as the station angle.

EXAMPLE 1

1st reading= 1036.0

2d reading= 2072.5

2072512 = 1036.2 _ _

The mean angle is valid because it agrees with the 1 st
reading within 0.5 mil.

N
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EXAMPLE 2

1st reading = 3966.0

2d readmg: 15335

15335 + 6400= 79335

7933.5 12= 3966.8 , ,

The mean angle is not valid because it does not agree
with the first reading within 0.5 mil. The angle must be
remeasured.

d. A directional traverse is shown in Figure 5-7, page 5-12,
and the following example.

EXAMPLE

The known data are as follows;

Azimuth from A to the azimuth mark = 0805.0
The mean station angles measured were as follows:

Station A 4997.5
TS-1 2248.2
TS-2 5168.8

The method of determining the azimuth from B to TS-2 i
as follows:

Known azimuth A to

azimuth mark is; 0805.0
Plus station angle at A: +4997.5
AZ station A to TS-1: 5802.5

(To determine back azimuth, the next step is always
required.)

+3,200 mils - 3200.0
AZ TS-1 to station A 2602.5
Plus station angle at TS +2248.2
AZ TS-1to TS-2 4850.7
3,200 mils - 3200.0
AZTS2t0TS-1 1650.7
Plus station angle at TS-2 +5168.8

(If the sum of an azimuth 6819.5

and a station angle exceeds

6,400 mils, then 6,400 mils

must be subtracted). - 6400.0
AZ TS-2 to station B 04195
3,200 mils +3200.0
AZBtoTS-2 3619.5
AZ from OS A to EOL 3619.5
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TS-2 TS
5168.8 MILS % 2248.2
MILS A
4
4997.5 MILS

AZ MARK
B osa \
% 0805.0 MILS

Figure 5-7. Example of a directional traverse

Section Il
LOCATION

5-1. METHODS OF LOCATION

Whenever the tactical situation permits, the firing units
position should be surveyed before the unit arrives.
Information provided by the survey section will include
coordinates and height of the orientin%station, and the grid
azimuth from the orienting station to the EOL. When survey
control is not available, the desired location may be
determined through the use of graphic resection or graphic
traverse.

(1) No azimuth control available.

~ (a) Select a location from which three distant Boints,
which appear on a map, are visible. These points should be well
dteflnled vertical features, such as towers, trig markers or church
steeples.

(b) With the aiming circle, measure the three clockwise
angles between these points. For each angle, use the standard
gn%a)surlng procedure outlined in paragraph 5-6¢. (See Figure

Note: If automated fire direction capability is not
available, battery center, in addition to the orienting
station, should be surveyed.

5-8. GRAPHIC RESECTION

a. Graphic resection is a quick method of determining a
position based on the known locations of certain visible
points. The equipment needed to perform a graﬁhic resection
Includes an aiming circle, map sheet, grid sheet, overlay
paper and standard FDC plotting equipment. Graphic
resection may be done in one of two ways, both of which
are discussed below.

Figure 5-8. Measuring angles
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_ @ Check that the sum of the three angles equals 6400
mils, 1.5 mils. This verifies that each angle is accurate to 0.5
Hﬂl_and that the three angles together encompass the entire

orizon.

(d) Scale the coordinates of the three known points off
amap (to eight d|?_|t_s), and transfer the plots onto a grid sheet
(sltangard la 000 firing chart). A trig list of known points may
also be used.

(eg Place a pin at a random point near the center of the
overlay (tracing) paper. Using target grid a mil (?raduated
Protractor,_ or a range-deflection ﬁrotractor (RDP), draw a line
rom the pinhole to any comer of the paper and label it as the ray
to the first of the three points. With the target grid, protractor, or
RDP, measure clockwise the number of mils corresponding to
the anﬁle between the first and second known points. Draw and
label the secondray to represent the second known point. Measure
clockwise the number of mils corresponding to the angle between
the second and third known points. Draw and label a third ray
representing the third known Pomt. You will note that the third
angle (between the third and first known Eomt) is now already
constructed on the overlay paper. It should be measured to ensure
that plotting errors have not occurred. (See Figure 5-9.)

_ (f) Place the overlay paper on the grid sheet and position
it S0 that the three rays pass directly through their respective
points. The Posmon of the pin now represents the location of the
aiming circle on the grid sheet. (See Figure 5-10.)

~ (2) Azimuth control available. In some cases, the
aiming circle is positioned over the orienting station with
a known orienting line established. If only two known points
are visible, the resection may also be performed, by a
somewnhat different procedure.

X X

LY
V4 g

Figure 5-9. Transferring angles to paper
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GRID SHEET

PLOTTING PIN

Figure 5-10. Determining position

(@) Measure the clockwise angles to each of the two
known points from the EOL.

~ (b) Determine the azimuth to each known point b
adding the azimuth of the orienting line to the appropriate angle
measured in (a) above,

(c) Convert each of these azimuths to back-azimuths
by applying 3,200 mils.

(d) Transfer the coordinates of the known points from
the map to the grid sheet.

(e) Using the RDP, plot the back azimuths from the
two known points on the grid sheet. The point of intersection of
the two rays is the position of the aiming circle.

b. Regardless of which method of graphic resection is used,
the end result is always the location of the aiming circle.
If the resection was not performed from the orienting station,
the coordinates may be determined by graphic traverse, hasty
traverse, or estimation based on the results of the resection.
The resection should be checked against the map to preclude
2 gross error.

5-9. GRAPHIC TRAVERSE

Graphic traverse is a means of transferring direction and
location control from one point to another by uses of angle
and distance measurements. It may be used to provide
direction and coordinates to a battery position. It is also
ideal for transferring survey control to an offset registration
position or to a roving gun from a surveyed battery or platoon
position. The technique is similar to that used in directional
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traverse. However, the personnel performing the traverse
must measure not only the horizontal angle at each occupied
station but also the distance to each forward station. The
data needed to begin a graphic traverse include the coordinates
of a known point and the direction to an azimuth mark.
The only equipment required is an aiming circle, aiming
posts (for the marking of stations), and FDC equipment.
fTr|1|e procedures for conducting a graphic traverse are as
ollows:

a. Begin the traverse at the known survey control point
(SCP). Follow the procedures for directional traverse to
measure the station angle from the azimuth mark (rear station)
to the first forward station. Compute the azimuth of the
first leg of the traverse.

b. Measure the distance from the occupied station to the
forward station.  The procedures for making this
measurement are discussed in paragraph 5-10.

¢. Plot the coordinates of the SCP (starting point) on the
FDC grid sheet. Using a target grid, a protractor, or an
RDP, establish an azimuth index that corresponds to the
computed azimuth from the starting point to the forward
point; and draw a line representing the azimuth of the first
traverse leg. Scale this azimuth line as close as possible.
With the plotting (boxwood) scale, measure the distance of
the traverse leg; and mark the forward station with a plotting
pin.

d. Continue the fieldwork for the traverse as described
above. Forward stations are successively established as
needed, station angles are measured accordingly, and the
azimuth of each leg computed as in directional traverse.
The distance of each leg is plotted in the same manner as
above. The traverse will appear on the grid sheet as a series
of successive polar plots.

e. The traverse is planned so that the final forward station
is the orienting station or other needed position. The EOL
is the final occupied station in the traverse. The orienting
line is the back-azimuth of the last traverse leg.

5-10. DISTANCE MEASURING

When graphic traverse is used to transfer survey control,
the distance of each traverse leg must be measured. Since
this distance is plotted on a grid sheet, it must be the horizontal
distance along the traverse leg, not the slope distance obtained
by measuring along the contour of the earth. In simplified
survey operations, this horizontal distance can be easily
measured in one of three ways (subtense, pacing, and using
premeasured communications wire).

a Subtense. The subtense method is the fastest of three
distance-measuring procedures. It yields accuracy equivalent
to that obtained with a premeasured piece of wire. An
advantage is that a horizontal distance is obtained indirectly;
that is, the distance is computed, rather than measured. This
allows subtense to be used over terrain where obstacles,
such as streams, ravines, or steep slopes may prohibit pacing
or the use of wire.

(1) The subtense method uses precise values with a
tngonometnc solution gllsted in tables 5-6 through 5-8, pages
5-16 through 5-2 1?]. ubtense is based on a principle of
\?sual perspective-the farther away an object is the smaller
it appears.

(2) There are two procedures involved in subtense
measurement:

o Establishing a base of known length.

o Measuring the angle of that base with the use of the
aiming circle.

(3) The subtense base may be any desired length.
However, if a 60 meter base, a 2 meter bar, or the length
of an M16A1 or M16A2 rifle is used, precomputed subtense
tables are available. The M16 or 2 meter bar must be held
perpendicular to the line of sight by a soldier facing the
aiming circle. The instrument operator sights on one end
of the M 16 or 2 meter bar and measures the horizontal
clockwise angle to the other end of the rifle or bar. He
does this twice and means the angles. He then enters the
appropriate subtense table with the mean angle and extracts
the distance. Accurate distances can be obtained with the
MI 6 out to approximately 150 meters, with the 2 meter bar
out to 250 meters, and with the 60 meter base out to 1,000
meters.  If a base of another length is desired, a distance
can be computed by using the following formula:

Distance =  1/2 BASE (in meters)
TAN (1/2 angle) (in mils)

Note: During advance party operations at night,
subtense may be obtained by attaching two lights on
the pantel marker. The I|%hts are separated by the
length of an M 16 rifle. The aiming circle operator
measures the vertical distance from one light to the
other using the elevation micrometer knob. He
performs this twice and determines the mean angle.

b. Pacing. A soldier who has measured his pace should
be able to pace 100 meters to an accuracy of +1 meter over
level ground. However, the paced distance follows the
contour of the earth. Therefore, in sloping or rough terrain,

5-15
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the determination of a horizontal distance becomes more
difficult. A soldier can try to adjust his pace length to the
degree of slope he is pacin?, but his accuracy is decreased.
Pacing should be used only over relatively flat terrain or
when no other method is available.

¢. Use of Premeasured Length of Communications Wire.
A premeasured length of communications wire (WD-1) also
may be used as a means of distance measurement. This
method is substantially more accurate than pacing, but
requires two soldiers to hold the ends of the wire. The wire
may be of any length, although it is recommended that a
length of 60 meters be used. The wire should be marked
with tape at every meter increment and with color-coded
tape at every 10-meter increment.

(1) The two soldiers holding the wire begin at the
occupled-station and measure in a stra|(.1]ht line to the forward
station. As the soldiers move along the traverse leg, the
should count the number of whole wire lengths measured.
By use of the meter increments marked on the wire, they
measure the last partial length of wire. The distance of the
leg can be determined bY multiplying the number of whole
wire lengths by 60 (the length of the wire) and adding the
partial length.

(2) The premeasured wire method is fast and meets
accuracy requirements for hasty survey techniques.
However, the wire must be held horizontally to obtain a
horizontal distance. That means that in rough terrain, when
one end of the wire is much higher or lower than the other,
it will be extremely difficult to measure long horizontal
distances. In such cases, a portion of the 60-meter wire
can be held horizontally and the entire distance measured
using these shorter lengths.

EXAMPLE
You are using a 2-meter (m) subtense bar and measure an angle of 10.5 mils (p). You determine the horizontal distance by

use of the formula:

Distance = 1/2 base = 1 = 1 = 194 meters
tan 1/2(angle) tan (5.25) 0.005154

Note: You must convert mils to degrees by dividing 17.778 into the angle determined. To determine the tangent (tan) of an
angle, you will need a calculator or TM 6-230.

5-16
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Table 5-6. Subtense using a 2 meter base (bar)
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Table 5-7. Subtense using an M16A1/A2 as base

ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE
M16A1__M16A2 M16A1_M16A2 M16A1 M16A2 M16A1_M16A2
6 167 171 16.2 62 63 265 | 38 39 36.8 27 28
6.2 162 165 16.5 61 62 268 | 37 38 37 27 28
6.5 154 158 16.8 60 61 27 37 38 372 27 28
6.8 148 151 17 59 60 272 | 37 38 375 27 27
7 143 146 17.2 58 60 215 | 37 37 37.8 27 27
7.2 139 142 17.5 57 59 278 | 36 37 38 26 27
7.5 134 137 17.8 56 58 28 36 37 38.2 26 27
7.8 129 131 18 56 57 282 | 36 36 38.5 26 27
8 126 128 18.2 55 56 285 | 35 36 38.8 26 26
8.2 122 125 18.5 54 55 288 | 35 36 39 26 26
85 118 121 18.8 53 55 29 35 35 39.2 26 26
8.8 114 116 19 53 54 202 | 34 35 39.5 25 26
9 112 114 19.2 52 53 205 | 34 35 39.8 25 26
9.2 109 111 19.5 51 53 208 | 34 34 40 25 26
9.5 106 108 19.8 51 52 30 33 34
9.8 102 105 20 50 51 302 | 33 34
10 100 102 20.2 50 51 305 | 33 34
10.2 98 100 20.5 49 50 308 | 33 33
10.5 96 98 20.8 48 49 31 32 33
10.8 93 95 21 48 49 312 | 32 33
11 91 93 21.2 47 48 315 | 32 33
11.2 90 91 21.5 47 48 318 | 32 32
11.5 87 89 21.8 46 47 32 31 32
11.8 85 87 22 46 47 322 | 3 32
12 84 85 222 45 46 325 | 31 32
12.2 82 84 225 45 46 328 | 31 31
12.5 80 82 228 44 45 33 30 31
12.8 78 80 23 44 45 332 | 30 31
13 77 79 232 43 44 335 | 30 31
13.2 76 78 235 43 44 338 | 30 30
13.5 74 76 238 42 43 34 30 30
13.8 73 74 24 42 43 342 | 29 30
14 72 73 242 41 42 345 | 29 30
14.2 71 72 245 41 42 348 | 29 29
14.5 69 71 24.8 40 41 35 29 29
14.8 68 69 25 40 4 352 | 29 29
15 67 68 252 40 41 355 | 28 29
15.2 66 67 25,5 39 40 358 | 28 29
15.5 65 66 258 39 40 36 28 28
15.8 64 65 26 39 39 362 | 28 28
16 63 64 26.2 38 39 365 | 28 28

Note: Measure M16 rifles from the top of the butt to the end of the flash suppressor.
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Table 5-8. Subtense using a 60 meter base

FM 6-50, MCWP 3-1.6.23

ANGLE| DISTANCE | ANGLE|  DISTANCE | ANGLE] DISTANCE | ANGLE DISTANCE
60 1018 70.8 863 815 749 922 662
50.2 1015 71 860 81.8 747 925 660
605 1010 712 858 82 745 92.8 658
60.8 1005 715 854 822 743 93 657
61 1002 718 851 825 740 93.2 655
612 993 72 848 8238 738 935 653
615 993 722 846 83 736 93.8 651
618 989 725 843 832 734 94 650
62 985 72.8 839 835 732 94.2 648
62.2 982 73 837 8338 729 94.5 646
625 978 732 835 84 727 94.8 644
62.8 973 735 831 84.2 725 95 643
63 970 738 828 84.5 723 95.2 642
632 967 74 826 848 720 95.5 639
635 962 742 823 85 719 95.8 637
63.8 958 745 820 85.2 717 96 636
64 955 748 817 855 714 96.2 635
64.2 952 75 815 85.8 712 96.5 633
64.5 947 752 812 86 710 96.8 631
64.8 943 755 809 86.2 709 o7 630
65 940 75.8 806 86.5 706 97.2 628
65.2 937 76 804 86.8 704 97.5 626
65.5 933 762 802 87 702 97.8 624
65.8 928 765 799 87.2 700 98 623
66 926 76.8 795 87.5 698 98.2 622
66.2 923 77 793 87.8 696 98.5 620
66.5 919 772 791 88 694 98.8 618
66.8 915 775 788 88.2 692 99 617
67 912 778 785 885 690 99.2 616
67.2 909 78 783 88.8 688 99.5 614
675 905 782 781 89 686 99.8 612
67.8 901 785 778 89.2 685 100 611
68 898 78.8 775 89.5 682 1002 609
682 896 79 773 89.8 680 100.5 608
68.5 892 79.2 771 90 679 100.8 606
68.8 888 795 768 80.2 677 101 605
69 885 79.8 765 905 675 101.2 603
69.2 883 80 764 908 673 101.5 602
69.5 879 80.2 762 o1 671 101.8 600
69.8 875 80.5 759 912 670 102 599
70 873 80.8 756 915 667 102.2 507
702 870 81 754 9138 665 1025 506
705 867 81.2 752 92 664 102.8 594
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Table 5-8. Subtense using a 60 meter base (continued)

ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE
103 593 113.8 536 1245 490 135.2 451
103.2 592 114 536 124.8 489 135.5 450
103.5 590 114.2 535 125 488 135.8 449
103.8 588 114.5 533 125.2 488 136 449
104 587 114.8 532 125.5 486 136.2 448
104.2 586 115 531 125.8 485 136.5 447
104.5 584 115.2 530 126 484 136.8 446
104.8 583 115.5 529 126.2 484 137 445
105 582 115.8 527 126.5 483 137.2 445
105.2 580 116 526 126.8 481 137.5 444
105.5 579 116.2 525 127 481 137.8 443
105.8 577 116.5 524 127.2 480 138 442
106 576 116.8 523 127.5 479 138.2 442
106.2 575 117 522 127.8 478 138.5 441
106.5 573 117.2 521 128 477 138.8 440
106.8 572 117.5 520 128.2 476 139 439
107 571 117.8 518 128.5 475 139.2 438
107.2 570 118 517 128.8 474 139.5 437
107.5 568 118.2 516 129 473 139.8 436
107.8 566 1185 515 129.2 472 140 436
108 565 118.8 514 129.5 471 140.2 435
108.2 564 119 513 129.8 470 140.5 434
108.5 563 119.2 512 130 469 140.8 433
108.8 561 119.5 511 130.2 469 141 433
109 560 119.8 510 130.5 468 141.2 432
109.2 559 120 509 130.8 467 141.5 431
109.5 558 120.2 508 131 466 141.8 430
109.8 556 120.5 507 131.2 465 142 430
110 555 120.8 506 131.5 464 142.2 429
110.2 554 121 504 131.8 463 142.5 428
110.5 553 121.2 504 132 462 142.8 427
110.8 551 121.5 502 132.2 462 143 427
111 550 121.8 501 132.5 461 143.2 426
111.2 549 122 500 132.8 460 143.5 425
1115 548 122.2 500 133 459 143.8 424
111.8 546 122.5 498 133.2 458 144 424
112 545 122.8 497 133.5 457 144.2 423
112.2 544 123 496 133.8 456 144.5 422
112.5 543 123.2 495 134 455 144.8 421
112.8 541 123.5 494 134.2 455 145 421
113 540 123.8 493 134.5 454 145.2 420
113.2 539 124 492 134.8 453 1455 419
1135 538 124.2 491 135 452 145.8 418
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Table 5-8. Subtense using a 60 meter base (continued)

ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE
146 418 156.8 389 167.5 364 178.2 342
146.2 417 157 388 167.8 363 178.5 342
146.5 416 157.2 388 168 363 178.8 341
146.8 416 157.5 387 168.2 363 179 341
147 415 157.8 387 168.5 362 179.2 340
147.2 414 158 386 168.8 361 1795 340
147.5 414 158.2 386 169 361 179.8 339
147.8 413 158.5 385 169.2 360 180 338
148 412 158.8 384 169.5 360 180.2 338
148.2 412 159 384 169.8 359 180.5 338
148.5 411 159.2 383 170 359 180.8 337
148.8 410 159.5 382 170.2 358 181 337
149 409 159.8 382 170.5 358 181.2 336
149.2 409 160 381 170.8 357 181.5 336
149.5 408 160.2 381 171 357 181.8 335
149.8 407 160.5 380 171.2 356 182 335
150 407 160.8 379 171.5 356 182.2 335
150.2 406 161 379 171.8 355 182.5 334
150.5 405 161.2 378 172 354 182.8 333
150.8 405 161.5 378 172.2 354 183 333
151 404 161.8 377 172.5 353 183.2 333
151.2 403 162 376 172.8 353 183.5 332
151.5 403 162.2 376 173 352 183.8 332
151.8 402 162.5 375 173.2 352 184 331
152 401 162.8 375 1735 351 184.2 331
152.2 401 163 374 173.8 351 184.5 330
152.5 400 163.2 374 174 350 184.8 330
152.8 399 163.5 373 1742 350 185 329
153 399 163.8 372 174.5 349 185.2 329
153.2 398 164 372 174.8 349 185.5 329
153.5 397 164.2 371 175 348 185.8 328
153.8 397 164.5 371 175.2 348 186 328
154 396 164.8 370 175.5 347 186.2 327
154.2 396 165 370 175.8 347 186.5 327
154.5 395 165.2 369 176 346 186.8 326
154.8 394 165.5 368 176.2 346 187 326
155 394 165.8 368 176.5 345 187.2 326
1585.2 393 166 367 176.8 345 187.5 325
155.5 392 166.2 367 177 344 187.8 325
155.8 392 166.5 366 177.2 344 188 324
156 391 166.8 366 1775 343 188.2 324
1566.2 390 167 365 177.8 343 188.5 323
156.5 390 167.2 365 178 342 188.8 323
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Table 5-8. Subtense using a 60 meter base (continued)

ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE ANGLE DISTANCE
189 322 199.8 305 210.5 289 221.2 275
189.2 322 200 305 2108 289 2215 275
189.5 322 200.2 304 211 289 221.8 274
189.8 321 200.5 304 211.2 288 222 274
190 321 200.8 303 2115 288 2222 274
190.2 320 201 303 2118 288 2225 274
190.5 320 201.2 303 212 287 222.8 274
190.8 319 2015 302 2122 287 223 273
191 319 201.8 302 2125 287 223.2 273
191.2 319 202 302 212.8 286 2235 272
191.5 318 202.2 301 213 286 223.8 272
191.8 318 202.5 301 2132 286 224 272
192 317 202.8 300 2135 285 2242 271
192.2 317 203 300 2138 285 2245 271
192.5 317 203.2 300 214 285 2248 271
192.8 316 203.5 299 214.2 284 225 271
193 316 203.8 299 2145 284 2252 270
193.2 315 204 299 214.8 283 225.5 270
193.5 315 204.2 298 215 283 2258 270
193.8 314 204.5 298 2152 283 226 269
194 314 204.8 297 2155 283 226.2 269
194.2 314 205 297 215.8 282 226.5 269
194.5 313 205.2 297 216 282 226.8 268
194.8 313 205.5 296 216.2 282 227 268
195 312 205.8 296 216.5 281 2272 268
195.2 312 206 296 216.8 281 227.5 268
195.5 312 206.2 295 217 281 227.8 267
195.8 311 206.5 295 2172 280 228 267
196 311 206.8 295 2175 280 228.2 267
196.2 311 207 294 217.8 280 2285 266
196.5 310 207.2 294 218 279 228.8 266
196.8 310 207.5 294 218.2 279 229 266
197 309 207.8 293 2185 279 229.2 266
197.2 309 208 293 218.8 278 2295 265
197.5 308 208.2 293 219 278 2298 265
197.8 308 208.5 292 219.2 278 230 265
198 308 208.8 292 219.5 277 230.2 264
198.2 307 209 291 219.8 277 230.5 264
198.5 307 209.2 291 220 277 230.8 264
198.8 306 209.5 291 220.2 276 231 263
199 306 209.8 290 220.5 276 231.2 263
199.2 306 210 290 220.8 276 2315 263
199.5 305 210.2 290 221 275 231.8 263




Table 5-8. Subtense using a 60 meter base (continued)

FM 6-50, MCWP 3-1.6.23

ANGLE| DISTANCE | ANGLE DISTANCE ANGLE| DISTANCE | ANGLE DISTANCE

232 262 2345 259 237 257 2395 254

2322 262 234.8 259 237.2 256 239.8 254

2325 262 235 259 2375 256 240 253

2328 261 235.2 259 237.8 256

233 261 2355 258 238 256

233.2 261 235.8 258 238.2 255

2335 261 236 258 2385 255

233.8 260 236.2 258 238.8 255

234 260 2365 257 239 255

234.2 260 236.8 257 239.2 254
5-11. AUTOMATED COMPUTATIONS STEP DISPLAY ACTION TAKEN
a. The BCS and LCU allow battery commanders to disperse 4 Weapon System Displays weapon
their howitzers over larger position areas than ever before. REVA(?1%): system  module
BCS and BUCS have weapon location routines that allow identification. (Any
us to determine the grid location and altitude of each howitzer weapon may be used.)

by simply entering the azimuth, distance, and vertical angle
to the howitzer from the orienting station (mnemonic
ORSTA). Thus, we can use this application to help us
determine grid locations and altitudes to traverse stations
while performing a graphic traverse.

b. Location and altitude at each of the traverse stations
are determined by entering a number of successive polar
coordinates (direction, distance, and vertical angle) in the
weapon location tile.

5-12. AFU INPUT FOR GRAPHIC
TRAVERSE USING BUCS, REV 1

Note: ST 6-40-31 is the user’s manual for BUCS
Rev 1. Any Rev 1 read only memory (ROM) can be
used for this procedure. ~ The caliber of weapon
system does not matter.  The only information
required in the database to begin this procedure is the
map modification (MAPMOD).

Follow the steps and information in Table 5-9 to determine
location and altitude with BUCS.

Table 5-9. AFU input for graphic traverse

STEP DISPLAY ACTION TAKEN
1 MAIN (?FDISAP %): Select D, endline

2 DATA (?GUAMOTRF %): | Select U, endline

a. For steps 5-8, default values are displayed. If data are
correct, pressendlineandproceedtothenextstep. Otherwise,
enter new data, as required. Azimuth of lay, deflection, and
propellant temperature are not used in the computation of a
graphic traverse.

5 AZ LAY (P*).0 Select endline
6 REF DEFL(P): Select endline
7 PROP TEMP(P*): Select endline
8 BTRY GZ(P*): Select endline

Note: Universal transverse mercator (UTM) coordinates
(long coordinates) are preferred; however, short coordinates
may be entered if within the MAPMOD. For this procedure,
orienting station (ORSTA) is considered the start point for
the traverse.

9 ORSTA LOC(?IP x): Toinput,selectl,endline

10 EAST(P % ):00000 Enter OS (start point)

easting, endline

11 NORTH(P *):00000 Enter OS (start point)

northing, endline

12 ALT(P)%:0000 Enter OS (start point)

altitude, endline

b. Note that the ORSTA (starting point) data have been
entered.

3 UPDATE FU (?0PM*): | Select O, endline

13 I ORSTB LOC (?IP*): | Select endline
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STEP | DISPLAY | AcTION TAKEN

STEP | DISPLAY ACTION TAKEN

c. OrientingstationB(ORSTB)isnotusedforthisprocedure.
if ORSTB has been previously entered in the BUCS, select
* and endline to return to the UPDATE FU index. IfORSTB

Note: TS-1 is now the occupied station; therefore, a 1 is
entered to indicate the start point of the second leg. This
process is the same for all subsequent legs.

hasnotpreviouslybeenstoredintheBUCS,NOORSTB(IP %) 24 DIR(P*): Enter azimuth (fonNard
will appear, Press endline and goto step 14, The followma S,
lemutn TmMOIMm I D- l IO
steps are used to compute the traverse fieldwork. . TS-2), endline
14 UPDATE FU (OPM%): Select P, endline 25 DIST(P*): Enter distance (TS-1to
TS-2), endline
d. [f the computer already contains grid coordinates for a - -
howitzer number used in the graphic traverse, select D to 26 VERT ANG(P*): Er?(tiﬁgevertlcal angle,
delete the location of that howitzer because the first forward

station will be entered as gun 1.

15 #1 BUMP# (?IDGP *): Select |, endline

16 BUMPER #(P *): Enterbumper#,endline
(any bumper # can be
used with first
character—A to Z;
second and third

character—0 to 9)

Vel Embar A Aandlina
J-| =InCl A, Ci IUIII <

e. The orienting station A (ORSTA) is the starting point for

Al o Bnmt o
e udaverse.

18 DIR(P *): Enter azimuth (known

azimuth plus the station

angle), endllne

19 DIST(P*): Enter distance
(determined from

j- All data needed to compute the coordinates and height

of the second forward nosition are entaered. Thig is the end
VI DA TRl W pVOIIVET QT v Wi R vu,. 19 19 WG G

of the second leg.
k. To enter the fieldwork for additional forward stations,
perform steps 21 to 26 again. Each time an additional leg
is entered into the program, the number in step 21 is
incremented by 1 and the number in step 23 is the last
traverse station.
. The number of traverse stations (forward station) is not
fo exceed eight.
m. Todetermine grid coordinates of each traverse station,
2 methods are available.

(1) Method 1. Method 1 is a review of the data that
was entered into the computer in the order that it ws entered.
The grlu coordinates for each traverse station are reviewed
and recorded in the order that the fieldwork was entered in
the BUCS; that is, the first station, the second, and so forth.

fieldwork, endline)
Note: To use subtense distance, press endline at step 19
and SUBTENDED (Px): is displayed. Enter the angle
measured between the left and right ends of the subtense
bar (in mils). Press endline and BASE LENGTH(P *): is

displayed. Enter the length of the subtense bar, in meters,
and nrace andlina Tha antrice “|h'ﬂ1 A" "hﬂ1 RA 1 " or "hﬂ‘i RA')"

QI M1 OO0 THIUITIC, 11T S1iuic,

are not options.

27 # BUMP#_(?IDGP *): Select *, endline (The
BUCS will jump to
UPDATE FU index.)

a) Review and extract the grid coordinates of

)
J
-
o]
M
D o~

rea ctatinn Ranain hu raviausins uniir atarkine maind
190 owauvii. UUB“ 1 Uy 1CVITYWII Is yUu' 2Hawal Ul |y PU" n

(ORSTA) to ensure it is correct.
2

20 VERT ANG(P *): Enter vertical angle,

endline

f. Alldata needed to compute the coordinates and height
ofthe first traverse station (forward station) are entered upon
completion of step 20. This is the end of the first leg.

g. #2 BUMP # (7IDGP*): is displayed when endline is
pressed in step 20.

h. If only one leg is entered, select x, endline. UPDATE
FU (20PM*): wiil appear. Go to step 27.

i. To enter fieldwork for an additional forward station,
perform steps 21 to 26.

8 UPDATE FU (?0PM*): | Select O, endline
29 Weapon System| Endline
REV1(?1%):
30 AZ LAY (P ). " | Endline
31 REF DEFL(P*): Endline
32 PROP TEMP(P x): Endline
33 BTRY GZ(P*): Endiine

Note: Steps 29 to 33 display the same data entered in
steps 4 to 8. Steps 35 to 37 display the OS (start point) data
entered in steps 10 to 12. Steps 40 to 43 display the grid
coordinates of each traverse station.

21 #2 BUMP# (IDGP ): Select |, endline 34 ORSTA LOC(?IP%): Endline
22 BUMPER #(P%): Enter bumper # 35 OSE (P*) Endline
23 FROM GUN # (?AB#Px):| Enter 1, endline 36 OSN____ (P¥): Endline
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STEP DISPLAY ACTION TAKEN STEP DISPLAY ACTION TAKEN
37 ALT__GZ _ (P*): Endline 28 #_BUMP# ___ (?IDGP*):| Endline
38 ORSTB LOC(IP*): Select *, endline Note: The number following the # symbol will be the
(ORSTBwasnotused.) number of the last forward station computed. Steps 29 to
39 UPDATE FU (?0PM%): | Select P, endline 31 display the coordinates of the last forward station.
Note: The numberthat appears after the # symbol in steps 29 #_E__ (Px) Endline
40 to 43 is the number of the first forward station computed. 30 # N___(P*): Endline
The easting, northing, and altitude should be recorded, if -
required. Remember: When performing a graphic traverse, 31 #_ALT___(Px): Endline
keep track of the number of forward stations. 3 # BUMP#__(?IDGPx*):| Select P, endline
? : i
40 #_BUMP#_ (?IDGP*_):| Endline Note: At this point in the program, all the desired data for
41 #_E___ (P*): Endiine the last forward station is recorded, if required. Pressing P,
- - endline will cause the computer to return to the BUMP# of
42 N_(P*): Endiine the last forward station, again.
43 | #_ALT__(P*): Endiine 33 | #_BUMP#__(?IDGPx): | Select P, endline
(b) Ifthe location of subsequent forward stations #_ BUMP#__(?IDGP*): | Endline
is desired, continue to press endline. The prompts for steps

40 to 43 will appear. Note that the number in each prompt
is increased by each forward station (Example: Four
forward stations and the prompt #4E 123456(P %)
appears). The easting, northing, and altitude are the data
of the last forward station in the survey.

(c) After all required coordinates are retrieved,
select *, endlinetoreturntothe UPDATE FUindex. Select
*, endline to retum to the DATA INDEX.

(2) Method 2. Method 2 starts at the same location
as method 1 (step 27). The difference between method 1
and method 2isthat method 2 backs up throughthe program.
This allows the computed data for the last forward station
entered to be reviewed and recorded first.

Note: The number following the # symbol in step 34 is the
number ofthe next-to-last forward station. The use ofendline
through the ALT data will provide all the data for this station.
You can continue this process all the way back to the first
forward station. If only the last forward station coordinates
are required, iney are exiracied by using oniy sieps 27 to 31
of method 2.

5-13. ALTITUDE DETERMINATION

27 ! # BUMP#__(?IDGPx%): ! Select P, endline

Note: Remember, at this pointin the program, the number
following the # symbol will be one larger than the number of
forward station entered.

In the absence of altitude data provided hy battalion surveyors,
altitude is obtained directly from the map. ~ Once the
coordinates of the desired point have been determined by
the precision lightweight GPS receiver, graphic resection or
graphic traverse, the altitude of this point is taken from the
map sheet. Normally altitude can be considered to be

accurate to half the contour interval.
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CHAPTER 6
MINIMUM QUADRANT ELEVATION

6-1. RESPONSIBILITIES

The platoon leader is responsible for determining the lowest
quadrant elevation that can be safely fired from his platoon
position that will ensure projectiles clear all visible crests.

Note: All references to platoon leader will apply to
the executive officer as well. ~ Also, the gunnery

sergeant is responsible for these same duties prior to
the platoon’s occupation of position.

6-2. ELEMENTS OF COMPUTATION

Use of the rapid fire tables (Appendix K) is the fastest method
of computing minimum quadrant elevation (min QE).
Manual computations are more accurate than the rapid fire
tables and must be used if the sum of the vertical angle and
the angle needed for a 5-meter clearance is greater than 300
mils. The tables were not constructed for the value of the
sum of An?les 1 and 2 to exceed 300 mils. Figure 6-1
shows the elements of minimum quadrant elevation.

a. Piece-to-crest range (PCR) is the horizontal distance
between the piece and the crest, expressed to the nearest 100

b. Angle 1, Figure 6-1, is the angle of site to crest for the
weapon. See paragraph 6-3 for measuring procedures. The
largest site to crest will not necessarily yield the largest
minimum quadrant.

C. Angﬂe 2, Figure 6-1, is the vertical angle required to
clear the top of the crest. For quick, time, and unarmed
proximity (VT) fuzes, a vertical clearance of 5 meters is
used. For armed VT fuzes, see paragraph 6-6.

d. Angle 3, Figure 6-1, is the complementary angle of site
gomp site). It is the comﬁ site factor (from the TFT, Table

) for the appropriate charge at the piece-to-crest range
multiplied by the sum of Angles 1 and 2. If the PCR Is
not a listed value, use the next higher listed PCR. Site (si)
is the sum of Angles 1, 2, and 3.

e. Angle 4, Figure 6-1, is the elevation for the appropriate
charge corre3£0nd|ng to the PCR. A large PCR may cause
the value of Angle 4 to override the effects of site to crest
(Angle 1).  Therefore, minimum quadrant must be
computed for each weapon and each charge to be tired.

f. Angle 5, Figure 6-1, is a safety factor equivalent to the
value of 2 forks (from the TFT, Table F) for the appropriate
charge at the PCR.

meters.  Procedures for measurement are discussed in g. The greatest sum of _An?Ies 1-5, Figure 6-1, is the
paragraph 6-4. minimum quadrant elevation for the charge computed.
I
I
I
AXIS OF TUBE { IMUM
I
[
|
I
A
W TSITE
C 1
7 11 ANGLE OF SITE
ORIGIN PIECE TO CREST RANGE
VERTICAL CLEARANCE

Figure 6-1. Angles in platoon leader’s minimum QE
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6-3. MEASURING ANGLE
OF SITE TO CREST

During advance party operations, site to crest is measured
with the M2 compass or M2A2 aiming circle (refer to chapter
4 for these i)rocedures). If the M2 compass is used, add
20 mils to allow for the accuracy of the M2 compass. During
position improvement, the chief of section verifies the angle
of site to the crest and reports it to the platoon leader. To
verify the angle of site to crest, the chief of section, sights
along the hottom edge of the bore, has the tube traversed
across the probable field of fire and has the tube elevated
until the line of 5|?ht clears the crest at the highest point.
He then centers all bubbles on the elevation mount, and
reads the angle of site to the crest from the elevation counter.
The angle of site is read and expressed to the nearest whole
mil. This angle of site and PCR are reported as part of the
section chief’s report (paragraph 2-20).

6-4. MEASURING PIECE-TO-CREST
RANGE

a. There are five methods that can be used to measure
piece-to-crest range:

~ (1) Taping, the most accurate method, is normally too
time consuming.

(2) Subtense is fast and accurate.

(3) Map measurement is fast and accurate if the
obstacle can be located (for example, a lone tree will not
appear on a map).

~ (4) Pacing is time-consuming and dependent on the
distance and accessibility to the crest.

(5) Estimation is least accurate, but it is used when
other methods are not feasible.

b. Regardless of the method used, PCR must be verified
by the gunnery sergeant or platoon leader before computing
minimum quadrant elevation. He can do this by measuring
by ol?e of the five methods listed above and comparing the
results.

6-5. COMPUTATION FOR FUZES OTHER
THAN ARMED VARIABLE TIME

a. The gunnery sergeant or platoon leader performs the
computations indicated in this section if the sum of an%!es
1 and 2, Figure 6-1, exceeds 300 mils or if the rapid fire
tables are not available. All angles are determined and
expressed to the next higher whole mil. He performs the
computation for all howitzers. The example below shows
his computations.

6-2

b. One howitzer section may report a sight to crest that is
unusually high. If the platoon leader determines that it is
due to a single narrow obstruction (such as a tree), that
piece may be called out of action when f|r|n(l) deflections
that would engage the obstruction. This would enable the
platoon to use the next lower minimum quadrant. Other
alternatives are to remove the obstruction or move the
weapon.

EXAMPLE

Gun 1 has a range to crest of 1,100 meters; the angle of
site to crest reported is +16 mils. Gun 1is an M109A2
155-mm howitzer, and charge 3 green bag will be fired.
The platoon leader does the following:

Note: All computations are derived from AM-2 TFTS,
?éaéa%l)cal firing tables (GFTs), and graphical site tables

o Angle 1: Records the angle of site reported bg the
chigf of section +l6 mils

o Angle 2: Determines the vertical clearance in mils.
He uses the GST to divide the vertical clearance in
meters (5 meters) by the PCR in thousands (L.1).
This value, read Under the M gagﬁe Fomt 15 4.6, and
Is expressed to the next higherwhole m||.+5 il

Note: The value for angle 2 can also be extracted from
the rapid fire tables (Appendix K).

o Angle 3; Determines comp Site b multiplyin? the
comp site factor corresponding fo the. piece-fo-crest

range (or the next higher liste range in the TFT
Table G, if that range is not listed) by the sum of
angles 1 and 2. Angle 1+ Angle 2= +21. The
comp site factor correspanding to 1,500 meters
(frange 110015 not listed in Table G) is +0.010.

herefore, +21 x 0.010= +0.210. Once a value for
comp site has been determined, it must be
expressed to the next higher whole mil.

An?Ie 4: Determines elevation for the PCR (TFT,
Table F, column 2). If this value is not a whole |
number, it is exgressed to the next higher whole mil
(741 expressed to 7o) 15 mils

Anqle 5: Determines the value of 2 forks (TFT,
Table F, column 6) at PCR (2 x +2 _
mils +4 mils

Total: Add angles 1-5 to determing the platoon
leader's minimum quadrant elevation.

16+5+1+75+4=101 mils QE, charge 3 GB

Therefore, the min QE for Gun #1, Chg 3GB, is 101 mils.
The platoon leader will compute the min QE for each
howitzer in his firing unit. The highest value is the XO
min QE for his tiring"unit with this charge.
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6-6. COMPUTING FOR ARMED VT
FUZES (LOW-ANGLE FIRE)

The method of computing the XO’s minimum QE for firing
a prerctlle fuzed with an M513, M514, M728, or M73
fuze depends on the method in which the fuze is used.

a. The proximity (VT) fuze is designed to arm 3 seconds
ﬁnor to the time set on the fuze; however, some VT fuzes

ave armed as early as 5.5 seconds prior to the time set on
the fuze. Because of the probability of premature arming,
a safety factor of 5.5 seconds must be added to the time of
flight corresponding to the PCR. Since time on the setting
ring is set to the whole second, the time determined is
expressed up to the next higher whole second. A VT fuze
is designed so that it will not arm earlier than 2 seconds
time of flight, which makes it a bore-safe fuze.

b. In combat situations, the platoon leader determines the
minimum safe time and minimum quadrant elevation at the
piece-to-crest range. The QE determined for PD fuzed rounds
Is safe for VT fuzes if the time set is greater than the min
safe time determined (paraPraph a above). If the platoon
leadler finds it necessary to fire a VT fuze with a time less
than the min safe time, the vertical clearance for the minimum
QE must be increased to ensure the fuze will not function
as it passes over the crest.

c. If the projectile is to be tired with the VT fuze set at
a time less than the minimum safe time, allowance must be
made for vertical clearance of friendly elements. Vertical
crest clearances for M513, M514, M728, and M732 VT
fuzes fired over ordinary terrain are shown in Table 6-1.

Table 6-1. Vertical clearance

VERTICAL CLEARANCE
FOR FUZES

M728/732

70 meters

WEAPON

M514/513

80 meters

105-mm howitzer
155-mm howitzer

100 meters 70 meters

d. If the projectile is to be fired over marshy or wet terrain,
the average height of burst will increase. Therefore, the
vertical clearance shown in Table 6-1 should be increased
by 50 percent. If the projectile is to be tired over water,
snow, or ice, the vertical clearance shown in Table 6-1 should
be increased by 100 percent.

e. The minimum QE for fuze VT, when a fuze setting less
than the minimum safe time is fired, is based on PCR and

a fgreater vertical clearance as indicated in Table 6-1 instead
of the 5 meters as stated in paragraph 6-2c.

f.The foIIowin(}; is an exarr\y_)rle of computations to determine
minimum QE for armed VT fuzes.

EXAMPLE

The howitzer is a 155-mm MZ109A3, charge 4 green bag,
and armed variable time fuzes (M514) are'to be fired.
The angle of site reported by the_chief of section is +16
mils. The PCR is 1,700 mefers. The platoon leader
computes the minimum QE as follows:

o ANGLE 1. The angle of site to crest reported by the
chiefof section ~................ +l6mils

o ANGLE 2: The vertical clearance in mils. Divide the
vertical clearance in meters (100 meters) by the
PCR of 1,700 meters_in thousands (1.7). By readin
unger the M gage point of the GST, derive a valule 0
00 e, +59 mils

o ANGLE 3: Comp site for PCR of 1,700 meters (FT
155-AM-2, Table G, charge 4 GB, column 12 range

2,000 meters gives a comp_site factor of 0.010.)
+59 = 75. 75 X 0.010 = +0.750 expressed to the
next higher wholemil .................... L mils

o  ANGLE 4: Elevation at PCR (TFT, Table F col_?mn
2.900).... +90 mils

o ANGLE 5; The value of 2 forks at PCR (TFT, Table
F,column ). 2 x+2mils)............... +4 mils

o Minimum safe time (time of flight [TOF] at the PCR =
56 +55=11.1 or 12.0 seconds)
.............................................................. 12.0 seconds

The MINIMUM QUADRANT ELEVATION FOR THIS
GUN IS 170 MILS, CHARGE 4 GREEN BAG, MINIMUM
SAFE TIME 12.0 SECONDS (M514), FUZE ARMED VT,

The platoon leader will compute the min QE for each ?un
in his firing unit. The hlﬁhest value is the XO min QE for
his firing unit with this charge.

% If the fuze setting to be fired is equal to or greater
than the minimum safe time, the minimum QE determined
for fuzes quick and time applies. If the fuze setting to be
freed is less than the minimum safe time, the minimum
quadrant elevation determined for armed VT applies.

h. Table 6-2 is a recapitulation of the steps for computing
minimum quadrant elevation. It should be used as a reference
by the platoon leader and in training individuals to compute
minimum quadrant elevation.

i. The XO min QE is compared to the min OE to the
minimum range line as computed by the FDC. The greater
of these two values is placed on the safety T.
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Table 6-2. Computation of minimum quadrant elevation

ELEMENTS OF
COMPUTATION

HOW TO DO THE COMPUTATION

Fuze PD, Fuze MTSQ, or
Fuze VT With a Fuze Setting

Fuze VT With a Fuze Setting Less Than Minimum Safe Time

PCR Greater Than Minimum Minimum Arming Range
Equal to or Greater Than .
Minimum Safe Time Arming Range Greater Than PCR
Angle 1: Angle of site reported | As reported As reported As reported
Angle 2: Vertical angle for 5 meters divided by PCR Appropriate vertical clearance | Appropriate vertical clearance

clearance of friendly elements | expressed up to a whole mil divided by PCR divided by minimum arming
range
Angle 3: Complementary Comp site factor at PCR (or Comp site factor at PCR (or Comp site factor at minimum

angle of site

next greater listed range)
multiplied by the sum of
Angles 1 and 2

next greater listed range)
multiplied by the sum of
Angles 1and 2

arming range (or next greater
listed range) multiplied by the
sum of Angles 1 and 2

Angle 4: Elevation

AtPCR

AtPCR

At minimum aming range

Angle 5: 2 forks

AtPCR

AtPCR

At minimum arming range

Note: All angles above are expressed up to the next higher whole mil. The sum of Angles 1 through 5 equals minimum QE.

CAUTION

A large PCR may cause the value of Angle 4 to override the effects of site to crest (Angle 1). Therefore, minimum quadrant
elevation must be computed for each weapon and charge to be fired.
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CHAPTER 7
FIRE COMMANDS AND FIRING REPORTS

7-1. DEFINITIONS

Fire commands are used by the FDC to give the howitzer
sections all the information necessary to start, conduct, and
cease tiring. In a battery without BCS, fire commands must
be sent by voice. In a battery using BCS, fire commands
are sent digitally from the computer to the gun display unit
(GDU) at the howitzer. Initial fire commands include all
elements necessary for orienting, loading, and tiring the piece.
Subsequent fire commands must include only those elements
that have changed, except ?uadrant elevation. Quadrant
elevation is given in every fire command and allows the
howitzer section to load and fire, if in a when ready (WR)
status.

Note: Section chiefs must completely view the entire digital
fire command on every round. In the race to be first, they
may look only at charge, deflection, and tt],uadrant elevation.
This creates obvious Problems when the fire for effect (FFE)
is entered or if shell, fuze, and fuze setting are changed.

7-2. SEQUENCE OF FIRE COMMANDS

a. The elements of a fire command are always given in
the same sequence (Table 7-1).  This saves time and
confusion; each member of the section knows the sequence
and can anticipate what is coming next. This sequence allows
actions to occur at the same time. For example, the propellant
charge can be cut and the fuze set (if required) ‘while the
deflection and quadrant are being set. -

Table 7-1. Fire commands sequence

ELEMENT WHEN ANNOUNCED
Initial Fire Commands Subsequent Fire Commands

1. Warning order Always Never
2. Pieces to follow ' When applicable When changed

Pieces to fire ! When other than standard

Method of fire ! When other than standard
3. Special instructions When applicable When changed

e Do not load

e Atmy command

e High angle

e Use gunner’s quadrant

o Azimuth

e Special corrections

o Sweep and/or zone fire
4. Projectile ' When other than standard When changed
5. Ammunition lot ' When other than standard When changed
6. Charge Always When changed
7. Fuze' When other than standard When changed
8. Fuze setting ' When other than standard When changed
9. Deflection Always When changed
10. Quadrant Always Always
11. Method of fire for effect When applicable When changed
' These elements may be designated as standard. Elements so designated will be announced only when something other than
standard is to be fired.
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b. Certain elements of the fire command may be standard
and these need not be sent on each subsequent fire command.
Quadrant elevation may never e standardized. It is given
in each fire command.

7-3. TYPES OF FIRE COMMANDS

a. Digital Fire Commands. Digital fire commands are
used by units equipped with BCS. The entire fire command
is displayed on the section chiefs assembly (SCA). Also
the deflection is displayed on the gunner’s gun assembly
(GA) and the quadrant elevation is displayed on the assistant

unner’s GA. The section chief, however, still announces
the entire fire command, including the deflection and
quadrant. As a data check, the gunner and assistant gunner
read back the deflection and quadrant. The section chief
can recall specific parts of the fire command by depressing
the appropriate key on the SCA. (See Appendix L.)

b. Voice Fire Commands. Voice fire commands are used
by units without BCS, or in the event the equipment fails
to function properly. To facilitate the use of voice commands,
the FDC will provide the fire command standards to the
section chief when the unit first occupies the position. Fire
%og[wlmand standards are discussed in more detail in paragraph

¢. Degraded Digital Communications.  For BCS-
equipped units, digital communications are the primary means
for transmlttln%flre commands. If lost or degraded,
communications should be reestablished as soon as possible.
A solution to degraded digital communications is to use the
BCS purely as a technical fire direction computer and send
the data by voice.

(1) If one howitzer in the battery or platoon loses digital
communications, the FDC sends voice commands to that
howitzer. (All parties should try to reestablish the digital
capability.)

(2) If two or more howitzers lose digital
communications, the battery or platoon notifies them by voice
to go to the degraded GDU mode. The howitzers will ignore
GDU data and take all voice fire commands.

(3) In the degraded GDU mode, the FDC may compute
data, deflection and quadrant, from the base piece to center
of target and send data to the guns by voice.

(a) If the FDC uses TGPCs, these will be applied and
used until the command CANCEL TGPCsis given by the FDC.
This command is usually given after digital communications are
reestablished.

() Time permitting, FDC will send firing data for each
individual howitzer. When this occurs, FFE may be AT MY
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COMMAND (AMC) to maintain the element of surprise and
achieve maximum effect on the target.

7-4. ELEMENTS OF THE
FIRE COMMAND

The elements of the fire command are discussed in paragraphs
7-5 through 7-15 below.

7-5. WARNING ORDER

A warning order is always announced to alert the firing unit
to the mission. In a BCS-equipped battery, the warning
order is a steady alarm signal from the case assembly of
the GDU, which indicates the start of the fire mission. The
section chief depresses the cycle key of his SCA to silence
the alarm and acknowledge the receipt of fire commands.
When a fmng batterY IS using voice commands, a warning
order of FIRE MISSION is announced. The warning order

Is not given in subsequent commands.

7-6. PIECES TO FOLLOW, PIECES TO
FIRE, AND METHOD OF FIRE

This element designates the weapons that will follow the
mission, the weapon(s) that will fire initially, and how they
will engage the target.

a. Pieces to follow tells the platoon who will follow the
commands given for an adjust-fire mission. BATTERY
ADJUST or PLATOON ADJUST indicates that the mission
will be an adjust-fire mission and that all weapons will cogy
the commands, follow the mission, and participate in the
FFE phase. Any weapon or number of weapons may be
announced in this element; for example, PLATOON
ADJUST or NUMBER 1 AND NUMBER 3 ADJUST.
In a BCS-equipped unit, the do not load (DNL) indicator
bars will be lit on the SCASs of those howitzers that are to
follow the mission. If the mission is an FFE mission, pieces
to follow is not given.

b. Pieces to fire indicates which weapon(s) will fire the
data given in the initial fire command. PLATOON
ADJUST, NUMBER 3 indicates that during an adjust-fire
mission, Number 3 will fire the initial round of adjustment.

(1) In a BCS-equipped unit, the SCA of the piece(s)
to fire, (Number 3 in this example), would show IRD ADJ
and the double indicator bars under the word FIRE would

light.

(2) A voice command would be NUMBER 3, 1
ROUND.

(3) If the mission were fire for effect, then PLATOON
would be sent.
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¢. Method of fire tells the firin piece(sEhow many rounds
to fire. PLATOON ADJUST, NUMBER 3, 1 ROUND
indicates that during this adjust-fire mission Number 3 will
fire one round at the data given in the initial fire command.
PLATOON 1 ROUND indicates a FFE mission with all
weapons firing one round at the data given in the initial
fire command.

7-1. SPECIAL INSTRUCTIONS

Special instructions are used when actions that are different
from normal are required. Within the BCS-equipped battery,
restrictive commands (DO NOT LOAD or AT M
COMMAND) are signified by the double indicator bars
under DNL or AMC on the SCA. Other special instructions
such as high angle, (use) _?unner’s quadrant, azimuth, or
zone and/or sweep fire, will be displayed as digital readout
in the window of the SCA when the special instruction ke
of the SCA is depressed. When voice commands are used,
the FDC must announce the special instruction(s) to be
followed. The FDC will precede a special instruction with
the words SPECIAL INSTRUCTIONS. When more than
one special instruction applies, restrictive commands should
be announced first.

a. DO NOT LOAD is a restrictive fire command that
prohibits loading and f|r|n_?. The section may preﬁare_ the
?rojectlle, charge, and fuze (it applicable) and lay the howitzer
(IJI’ de_fle)ctlon; and set the quadrant elevation (or loading
elevation).

(1) Digital. Double bars are lit under DNL on the SCA.
When the round is to be fired, the double bars under FIRE
on the SCA are lit and the audible alarm sounds. The section
chief announces CANCEL DO NOT LOAD, QUADRANT
(so much). The howitzer is fired at the section chief’s
command unless otherwise restricted.

(2) Voice. The command from the FDC would be (so
many) ROUNDS, (special instruction) DO NOT LOAD.
To fire the rounds, the FDC commands CANCEL DO NOT
LOAD, QUADRANT (so much). This command allows
the guns to load if not otherwise restricted by special
instructions. The target number may be used in P ace of
the command QUADRANT to allow loading and firing of
preplanned targets and scheduled fires. DO NOT LOAD
does not apply to the entire mission, it must be announced
with each Initial or subsequent command.

Note: DO NOT LOAD is a standard special instruction in a
Copperhead priority mission. The onerhead target of
opportunity mission i$ AT MY COMMAND.

b. AT MY COMMAND (or BY PIECE BY ROUND
AT MY COMMAND) is a restrictive command that

prohibits the battery from tiring until directed to do so by
the FDC.

_ w Digital. Double bars under AMC on the SCA are
lit. When the section is laid, the section chief presses the
READY key at the SCA. When the round is to be fired
the double bar under FIRE lights and the alarm sounds.

(2) Voice. The command from the FDC would be (so
many) ROUNDS, SPECIAL INSTRUCTIONS AT MY
COMMAND.  When directed to fire the rounds, the
section(s) would fire all the rounds specified in the method
of fire. The command BY PIECE AT MY COMMAND
would direct the sections to fire all the rounds specified in
the method of fire by section(s) as announced by the FDC,
The command BY ROUND, AT MY COMMAND would
direct the section(s) to fire each of the rounds in the method
of fire by volley as commanded by the FDC. The command
BY PIECE, BY ROUND, AT MY COMMAND combines
the control of both commands explained above. AT MY
COMMAND remains in effect until the FDC commands
CANCEL AT MY COMMAND (or BY PIECE or BY
ROUND AT MY COMMAND). AT MY COMMAND
may be cancelled at any time. If the FDC has announced

UADRANT, the command would be CANCEL AT MY
OMMAND, QUADRANT (so much).

¢. HIGH ANGLE is announced, or displayed as HA on
the SCA, to alert the section that the mission is to be fired
at an angle of elevation dgreater than 800 mils. Light artillery
weaijons can be elevated before loading. Medium and heavy
alrt| lery weapons normally must be loaded at loading
elevation.

d. USE GUNNER’S QUADRANT is announced, or
displayed as GQ on the SCA, when the FDC desires the
%unn_er's quadrant be used to set or check quadrant elevation.
his is more often used when tiring danger close or precision
fire missions, which require greater accuracy.

e. AZIMUTH is announced, or displayed as AZ on the
SCA, to alert the sections to a large shift in the direction
of fire. The command AZIMUTH will be followed by the
azimuth in mils.

f. SWEEP (so many) MILS, (so many) DEFLECTIONS
commands @ method of fire used when the standard sheaf
does not adequately cover the target and more width is
required. Sweep fire provides for tiring several deflections
with one quadrant.

61%)Digital. A sample SCA dis({)la){ for sweep fire is
S 105DF, which indicates sweep 10 mils, 5 deflections.

gg Voice. A sample command is SWEEP 10 MILS
5 DEFLECTIONS. The section chief computes the reqmred
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deflections and, after firing the displayed deflection, fires
tShS F)remamlng deflections inany order or as directed by unit

EXAMPLE

The SCA displays S 15/3DF and a deflection of 3231. The
section chief computes deflections 3216 and 3246 by
subtracting 15 mils from and adding 15 mils to the displayed
deflection (see Figure 7-1). After firing the displayed fire
commands at deflection 3231, the section chief directs the
crew in firing the computed deflections in any order. Sweep
fire always includes an odd number of deflections to be fired.

3246 ' 3231‘;4_] 3216
306 306, 306

Figure 7-1. Computations for sweep fire

g. ZONE (so many) MILS, (so many) QUADRANTS
commands a method of fire used when the standard sheaf
does not adequately cover the target and more depth is
required. Zone fire provides for firing one deflection with
several quadrants.

(1) Digital. A sample SCA display for zone fire is Z
53QE; that is, zone, 5 mils, 3 quadrant elevations.

(2) Voice. A sample command is ZONE, 5 MILS, 3
QUADRANTS. The section chief computes the required
quadrant, fires the initial quadrant, and then fires the
remaining quadrants in any order or as directed by unit SOP.

EXAMPLE

The SCA displays Z 10m3QE and a quadrant elevation of
409. The section chief computes quadrants 399 and 419
by subtracting 10 mils from and adding 10 mils to the
displayed quadrant (Figure 7-2). After firing the displayed
fire commands at quadrant 409, the section chief directs the
crew in firing the computed quadrants, in any order. Zone
fire will always include an odd number of quadrants to be
fired.

DISPLAYED DF AND QE
3205 3295 4-' 3295
399 409 419

| 7.0 -
riyuie 71-<. WU

h. SWEEP gso many) MILS
DEFLECTIONS, ZONE (50 many) MILS, (so mari
QUADRANTS commands a method of fire combining sweep
fire and zone fire. Sweep and zone fire provides for flrlng
several deflections and quadrants, On the SCA, the comman

is displayed in the order listed above as the chief of section

SO man)@

7-4

presses the cycle key ﬁthat IS, Sh DF, ZmQE). The chief
of section fires the displayed commands for deflection and
uadrant first and then fires all combinations of computed
e]‘tleé:ggns and quadrants, in any order or as directed by
uni :

EXAMPLE

The SCA displays 3RD FFE, S 10/h3DF, Z 4fh3QE, DF
3200and QE 310. The chiefof section computes deflections
3190 and 3210, and quadrants 306 and 314 (Figure 7-3).
After the displayed commands for deflection and quadrant
(DF 3200, QE 310) arefired, each oftheremaining quadrants
is fired with each deflection, for a total of 27 rounds (nine
deflections and quadrants multiplied by three rounds per
deflection and quadrant).

DISPLAYED DF AND QE
DF 3210 DF 3200 DF 3190
QE 314 QE 314 QE 310
DF 3210 DF 3200 DF 3190
QE 310 QE 310 QE 310
DF 3210 DF 3200 DF 3190
QE 306 QE 306 QE 306

Figure 7-3. Computations for sweep and zone fire

I. SPECIAL CORRECTIONS is announced or displayed

on the SCA to alert the crew when a separate time, deflection,
and/or quadrant will be sent to or fired by one or more gun
sections.

(1) The words SPECIAL CORRECTION(S)should
precede any special corrections that apply in the fire
command. This command Preyents misunderstanding and
unnecessary repetition of missed special corrections. If
SPECIAL CORRECTIONS s announced alone, it alerts
the sections that separate data will be sent to one or more
sections. Unit SOP and degree or training dictate how this
should be implemented.

(2) SPECIAL ~ CORRECTION,  NUMBER
(so-and-so) LEFT or RIGHT (so many mils) may be
announced. These corrections are apé)lle by the specified
piece to the announced deflection and remain in effect until
changed (within a fire mission) or until the command END
OF MISSION is given. This command may be given
administratively, apart from fire commands; or it may be
announced in the special instructions element of a fire
command.  These corrections are in addition to any
corrections currently on the gunner’s aid.

(3) SPECIAL CORRECTION ON NUMBER
(so-and-so%, OPEN or CLOSE (so many mils) may be
announced. Each piece (other than the piece Specified) applies



FM 6-50, MCWP 3-1.6.23

a correction to the announced deflection on the gunner’s
aid. ~ Each section chief determines his correction by
multiplying the number of mils announced by the number
of pieces his piece is removed from the piece announced.
For example, the command ON NUMBER 3, CLOSE 4
is given. Number 3 applies no correction. Number 1 applies
left 8. Number 2 applies left 4. Number 4 applies right
4. All guns fire the announced deflection after applying
their corrections to the gunner’s aid. These corrections are
applied to anrv corrections already on the gunner’s aid and
remain in effect until chanlg_ed within a fire mission) or
until the command END OF MISSION s given.

(4) SPECIAL CORRECTIONS, (LEFT, CENTER,
or RIGHT) SECTOR is announced when terrain gun
Bo_smon corrections for other than the primary sector are

eing used. If TGPCs are computed, the corrections for
p[nmary sector are set on the gunner’s aid of all weapons.

hese corrections are announced administratively and
recorded on the DA Form 5212-R. To change sectors, the
FDC commands (LEFT, CENTER or RIGHT) SECTOR.
Upon termination of the mission, the howitzer sections
reapply the corrections that were in effect before the mission.

(5? CANCEL TERRAIN CORRECTIONS indicates
that all howitzer sections are to set their gunner’s aid counters
to zero. At the end of the mission, the TGPCs that were
in effect hefore the mission éusually the primary sector) will
be reapplied unless the FDC directs otherwise.

7-8. PROJECTILE

This element designates the type of projectile to be used in
the fire mission. The type of projectile that is to be prepared
and loaded is always displayed in the SCA. When voice
fire commands are _beln% used, the projectile must be
announced when it differs from standard.

7-9. AMMUNITION LOT

Ammunition lot numbers should be coded for simﬁlici_ty.
Separate-loading ammunition has two designators-the first
letter for projectile and the second letter for the propellant.
Semifixed ammunition has _onlr a one-letter designation. The
ot designators are automatically displayed at the SCA. When
voice fire commands are used, the lot designators must be
announced when they differ from standard.

7-10. CHARGE

The charge indicates the amount of propellant to be used
and grants permission for the crew to cut the propellant.
Charge is automatically displayed on the SCA or announced
by the FDC. It is never standardized.

7-11. FUZE

The required fuze type is announced (for example, FUZE
TIME% or displayed on the SCA. The section chief
announces the fuze displayed on SCA. Fuze is announced
in subsequent command only when a change in type is desired.

Note: The GDU does not distinguish between M564 and
M582 mechanical time superquick (MTSQ) fuzes displayed
on the SCA. Unit SOPs must be established if both fuizes
are used for the same mission.

1-12. FUZE SETTING

If fuze quick is to be fired on the delay mode, DELAY is
announced by the FDC or displayed on the SCA. If the
fuze is a mechanical type (MT), MTSQ, or Proxmty (VT)
faze, the fuze setting is displayed automatically on the SCA.
Voice commands are announced; for example, FUZE TIME,
TIME 17.6 or FUZE VT, TIME 17.0.

Note: If shell DPICM is to be fired in the self-registration
mode (SR), fuze setting black triangle (A) 98.0' must be
announced:; for example, SHELL DPICM-SR, LOT DG,
CHARGE 4, FUZE TI, TIME BLACK TRIANGLE 98.0.

Note: Large-quantity lots are normally set aside to be fired
during registrations and missions when more uniform effect
is important. Small-quantity lots should be used for missions
when uniformed effect isnot critical. Each section will
segregate ammunition by lot and keep accurate record on

DA Form 4513

[-13. DEFLECTION

With voice commands, deflection is always announced as
four digits; for example, DEFLECTION 0321 (zero three
two one) and DEFLECTION 3300 (three three hundred).
Normally, deflection is displayed on the SCA as a four digit
value. If three numbers appear, assume the first number is
a zero. The section chief announces deflection uslnP four
numbers. The gunner sets the announced, or displayed,
deflection on the panoramic telescope and traverses the tube
until he has a correct sight picture on the proper aiming
point (two step deflection method). When the section chief
announces deflection, the gunner reads back the deflection.
After the assistant ﬂunner%AG) has reported QUADRANT
(so much%, SET, the gunner will verify his sight picture,
ensure that his bubbles are centered, and reports
DEFLECTION (so much), READY.

7-14. QUADRANT ELEVATION

a. Quadrant elevation gives the section chief permission
to load and fire the round unless otherwise restricted b¥f
special instructions or unsafe conditions. The AG sets 0

7-5




FM 6-50, MCWP 3-1.6.23

the quadrant elevation announced by the FDC, or displayed
on his gun assembly (for example, QUADRANT 318). He
elevates the tube to that quadrant elevation after the projectile
has been loaded. When the section chief announces quadrant,
the AG reads back the quadrant that is set on the ranﬂe
quadrant. After the AG has centered the bubbles on the
range quadrant, he reports QUADRANT (so much), SET.

b. To increase responsiveness, loading procedures may be
changed per the unit SOP, as follows:

(1) Round is loaded on deflection. This procedure can
be used when loading will not interfere with receipt of the
remaining fire commands.

~ (2) Adjusting piece loads subsequent rounds
immediately after tiring. This loading method can be used
for all projectile-fuze combinations not using a mechanical
time fuze. It is possible that the adjusting piece may not
have the correct ﬁ_rOJecnIe-fuze combination loaded when
entering FFE. If this occurs, the loaded round is fired and
the remaining FFE rounds are fired with the correct
projectile-fuze combination. At the end of the mission, the
chief of section reports to the FDC that his howitzer fired
ammunition not specified in the fire command.

EXAMPLE

Suggose the fire command was 3ROUNDS VT IN
EFFECT. Number 4 fired one round with fuze quick and
two rounds with fuze VT, The chief of section reported
NUMBER 4 FIRED 1 QUICK AND 2 VT IN EFFECT.The
FDC then updates the ammunition count accordingly.

CAUTION _
Do not leave roundsin a hot or warm tube for a period
longer than that specified by the technical manual for
the weapon.

(3) Nonadjusting pieces load the shell to be fired in
effect on receipt of the Initial fire command. This procedure
also applies to all projectile-fuze combinations not using a
mechanical time or VT fuzes. When fuze VT is to be
fired in effect, the FDC calculates the VT fuze setting
corresponding to the initial target location and sends it to
the nonadjusting pieces. If terrain, weather, and enemy
capabilities permit, the FDC can, in wartime, send the VT
minimum safe time to the nonadjusting pieces.

Note: If a howitzer has automatically reloaded during
the adjust phase and END OF MISSION is announced
before the FFE phase, the following precautions should
be taken:

o Leave weapon laid on last fired data.
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o Announce to FDC NUMBER (s0-and-s0) IS LOADED.
e Evaluate hot or cold tube situation.

o Decide to compute safe data to shoot round, or unload
weapon.

7-15. METHOD OF FIRE FOR EFFECT

This element indicates the number of rounds and type of
ammunition to be used in effect. When applicable, it is
announced in the initial fire command after the quadrant
and must be announced before the last subsequent command
in an adjust fire mission. This is displayed automatically
on the SCA. With voice commands, it is announced after
quadrant elevation; for example, 2ROUNDS, FUZE VT
IN EFFECT.

7-16. SPECIAL METHODS OF FIRE

There are voice fire commands that cannot be displayed on
Eh?_G_DU SCA. Shown below are the commands and their
efinitions.

a. CONTINUOUS FIRE is given when it is desired that
the howitzer crews continue to fire within the prescribed
rates of fire for their howitzer until the command CHECK
FIRING or CEASE LOADING is given.

b. FIRE AT WILL is used in a direct fire role, primarily
for perimeter defense. ~ The command is TARGET
(so-and-s0), FIRE AT WILL. Howitzer crews fire under
the control of their section chief.

-17. CHECK FIRING

The command CHECK FIRING can be given by anyone,
but it should be used only in emergencies or If a safety
violation is noted. All firing ceases immediately. The
command may be given by voice, displayed on the SCA,
and/or given by hand signals all at the same time. Immediate
action must be taken to determine the nature of the check
fire and to correct the situation.

Note: To give the hand signal, raise your hand in front of
our forehead, palm to the front, and swing your hand and
orearm up and down several times in front of your face.

7-18. CEASE LOADING

The command CEASE LOADING allows the firing battery
to fire rounds that have already been loaded, but no additional
rounds may be loaded. It is a voice command only, with
the ﬁxg%)stmn of final protective fire (FPF) missions processed
wit :
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-19. END OF MISSION

The command END OF MISSION (EOM) means that the
fire mission has been terminated. The howitzer sections
should return to the azimuth of lay or priority tarc_1et data.
The SCA displays EOM for that howitzer; for example, GUN
(number so-and-so) EOM.

7-20. PLANNED TARGETS

a. The battery may be a55|%ned planned targets for which
current firing data must be maintained. Each target is
assigned a number and each weapon is laid on its assigned
priority target. In such cases, unit SOP usually designates
a command or a prearran?ed signal to fire on the priority
target, bypassing the usual sequence of fire commands.

EXAMPLE

Target AC7343 has been designated as a priority target.
Firing data have been computed and have been transmitted
to one of the firing platoons. On the command
RIGHT, SUPPRESS AC7343, the right platoon engages
Target AC7343 with the previously arranged method of
fire.

b. In defensive operations, the command FIRE THE FPF
causes the firing battery to fire the final protective fires on
which it is laid.

7-21. REPETITION AND CORRECTION
OF FIRE COMMANDS

a. One section (normally the adjustin? pi_ece?_ of the firing
unit should be designated to read back all voice fire commands
to ensure that the howitzer sections have received the fire
commands correctly. When a command has not been heard
or has been misunderstood, the request for repetition is stated
as a question; for example, DEFLECTION NUMBER 2?
When the FDC replies, the repetition of a command is always

receded by NUMBER (go-and-sl(_)I), THE COMMAN

AS; for example, NUMBER 2, THE COMMAND WAS
DEFLECTION 2768.

b. If an incorrect command has been given, but the
command QUADRANT has not been announced, the FDC
commands CORRECTION followed by the correct
command and all subseguent elements. If QUADRANT
has been announced, the FDC commands CHECK FIRING,
CANCEL CHECK FIRING is announced followed by the
corrected element and all subsequent elements.

1-22. FIRING REPORTS

The section chief reports to the FDC all actions that affect
the firing of his Weai)on in support of the battery mission.
During tiring, the following specific reports are made:

a. When the special instruction DO NOT LOAD has been
commanded by the FDC the section chief reports LAID,
NUMBER (so-and-so).  This report is sent when the
projectile, charge, and fuze (if applicable) have been prepared;
the howitzer has been laid for deflection; and the quadrant
(or loading elevation) has been set.

h. When the special instruction AT MY COMMAND or
BY PIECE (or BY ROUND) AT MY COMMAND has
heen commanded by the FDC, the section chief reports by
voice READY, NUMBER (so-and-s0). This report is sent
when the section is ready to fire (in compliance with the
fire command). The report is sent digitally by pressing the
READY key on the SCA.

¢. In voice operations, SHOT NUMBER 1((so-and-so) IS
reported after each round has been fired. If, however, the
method of fire is more than one round, SHOT is announced
only after the initial round. For GDU-equipped howitzers,
the report is sent digitally when the section chief presses
the SHOT/RC key once on the SCA.

d. ROUNDS COMPLETE NUMBER (so-and-so)is
announced when the final round designated in the method
of fire has been fired. If, however, only one round is to
be fired, ROUNDS COMPLETE will not be reported after
SHOT. For GDU-equipped howitzers, the report of rounds
complete éRC) is sent when the SHOT/RC key on the SCA
is pressed a second time. For a GDU-equipped howitzer
to receive subsequent fire commands in any mission, rounds
complete must be transmitted to the FDC.

e. MISFIRE NUMBER (so-and-so) is announced when
a misfire has occurred (voice only).

f. Ammunition status is reported. The number of rounds
expended, by type and lot number, is reported when requested
by the FDC (voice or per unit SOP).

g. Data fired in error are reported. The chief of section
reports to FDC the actual data fired in error; for example,
NUMBER 2 FIRED DEFLECTION (so much).

7-23. STANDARDIZING ELEMENTS
OF THE FIRE COMMAND

Certain elements of fire commands may be standardized after
the tactical situation, weapon, and personnel capabilities,
ammunition status, and enemi/ counterfire threat have been
considered. As shown in Table 7-1, the following elements
of the fire command may be desu%_nated as standard: pieces
to follow, pieces to fire, method of fire, projectile, ammunition
lot, and fuze. If the FDO decides to yar?/ rom fire command
standard data, he must administratively cancel the existing
standard and issue the reBIa_cement standard data. Only one
set of standard data can De in effect at any particular time.

77
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Once standard data are placed in effect, the platoon will
fire the standard data unless the fire command specifies
something different.

EXAMPLE

The FDO or platoon leader considers the tactical
situation and the other factors mentioned above and
determines that the fire command elements designated
as standard should be as follows:

o Pieces to fire and method of fire: Number 3, 1 round.
o Projectile: HE.

o Ammunition lot; XY.

o Fuze: Quick.

These standards tell the firing battery or platoon that
if not stated in a fire command, the piece to fire will
be Number 3, and the method of fire will be one round,
shell HE, lot XY, and fuze quick.

-24. EXAMPLE OF FIRE COMMANDS

a. Nonstandard Adjust-Fire Mission. In this example,
no standard elements are used. (See Figure 7-4.)

FIRE MISSION, PLATOON ADJUST, NUMBER 3, 1
ROUND, SHELL HE, LOT XY, CHARGE 4, FUZE
QUICK, DEFLECTION 3024, QUADRANT 247, 2
ROUNDS IN EFFECT.

(1) Number 3 is announced as the adjusting weapon.
It fires one round (shell HE, lot XY, fuze qumlg with the
announced charge, and at the announced deflection, and
quadrant. The rest of the platoon prepares 2 HE rounds
with fuze quick and follow the fire mission.

(2) The first subsequent fire command is as follows:
DEFLECTION 2978, QUADRANT 218.

Number 3 fires one round (shell HE, lot XY, charge 4, fuze
quick) at the new deflection and quadrant.

(3) The second subsequent fire command is as follows:

PLATOON 2 ROUNDS, DEFLECTION 2950,
QUADRANT 210.

The entire platoon fires two rounds at the announced
deflection and quadrant. END OF MISSION is commanded
as appropriate. At END OF MISSION, an ammunition
update is required as shown in Figure 7-4.

RECORD OF MISSIONS FIRED |SECTION| DATE AMMUNITION/FUZES ON HAND
For use of this form, see FM 6-50. The proponent PAGE OF T A
agency is US Army Training and Doctrine Command| €— 13 /#3 | Today 1 nelwe| M “leswsleol i | 1t v "
% 551

xIplrFlulolyiel8s 7 2laz

STND DATA: ADJ PIECE: SH: LOT: FZ: 36|8 | 6| 8l30|28|30| 10| 14|4 |58

PIECES FOLLOW SP
PIECES FIRE INSTR METHOD AMMUNITION EXPENDED
MOF SH | LOT |CHG{FZ| TI DF QE FFE

O @ ~ Y .

PLT ADJ #3 ~ HE | XY 4 |o 3024 | 247 e | (DI D

2978 | 218 @ @@ )

prr @D 2950 | 210 @ OO) @)
EOM P4 4 Vv vV

/ W4 32| 8 |6 | 8|3002426|10(14]| 4 |54

#3 and £4 @ wP |DY 7 | o 2870 | 320 €3} @@ @
- = 7777 77 7777

/ EOM / V v vV ¥V VvV VvV V VvV ¥V V ¥V
32(5 |6 (8 |30|21|23|10|14|4 |57
23D Mkl v | 4 |11 l19.6| 2942 | 216 O) @ 'O O
FOM VA AN ASEAAS4

f P |32|5 |5 |8 |30l20|23|10|13]4 |50

Transferred to Section #4 6 Rounds as Follows 4 216 4 2 6

. g VYV VVVVVVVVIZVV

Total J #  |128|5 | 5|6 |24|20|19)|10] 114 4«
Pl

Figure 7-4. Use of DA Form 4513 without standard data
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b. Nonstandard FFE Mission.
standard elements are used:

FIRE MISSION, NUMBER 3 AND NUMBER 4, 3
ROUNDS, SHELL WP, LOT DY, CHARGE 7, FUZE
QUICK, DEFLECTION 2870, QUADRANT 320.

Number 3 and Number 4 each fire three rounds as
commanded. END OF MISSION is commanded as
%pf)ropnate, and ammunition expended is updated (see Figure

In this example, no

¢. Standard Adjust-Fire Mission. Elements designated
as standard in this example are Number 3 firing one round
in adjustment, shell HE, lot XY, and fuze quick:

FIRE MISSION, PLATOON ADJUST, CHARGE 4,
EFEII::IIE_(E:%TION 3024, QUADRANT 247,2 ROUNDS IN

(L) Number 3 fires one round (shell HE, lot XY, fuze
gumk)_Wlth the announced charge, and at the announced
eflection and quadrant. Nonadjusting pieces prepare two
rounds of HE and follow commands. Adjustment continues
as in the first example.

(2) When fire for effect is entered, the commands are:

PLATOON 2 ROUNDS, DEFLECTION 2950,
QUADRANT 210.

(3) The entire platoon fires two rounds of shell HE at
the announced deflection, and quadrant. END OF MISSION
is commanded as appropriate.

Note: At END OF MISSION, an ammunition update is
required as illustrated in Figure 7-5, page 7-10.

d. Standard FFE mission.  Elements designated as
standard in this example are Number 3, one round, shell
HE, lot XY, and fuze quick.

FIRE MISSION, PLATOON 3 ROUNDS, CHARGE 4,
DEFLECTION 3111, QUADRANT 400.

Each weapon in the platoon fires three rounds (shell HE,
lot XY, fuze quick) with the announced charge, and at the
announced deflection and quadrant. END OF MISSION
is commanded as appropriate, and ammunition is updated
(see Figure 7-5).

RECORD OF MISSIONS FIRED |SECTION | DATE AMMUNITION/FUZES ON HAND
For use of this form, see FM 6-50. The proponent PAGE OF S 17, A
agency is US Army Training and Doctrine Command| C— 14 /#4 | Today 7 HElwP| "k LGB&'_P_D 71 17 lvr] 0

@ x|lp|lFly or§982776252

STND DATA: ADJ PIECE: #3 SH:#E LOTXY FZ: 2 |ssla | 6|alsolzals0]| 10|14 |58

PIECES FOLLOW SP
PIECES FIRE INSTR METHOD AMMUNITION EXPENDED
MOF SH | LOT |CHG|FZ| T DF QE FFE

PLT ADJ #3 O] 4 3024 | 247 ®I/E ! 1|7 1

2978 | 218 2 2|2 2

@ 2950 210 @ 2D g
- om SV V VPPV PPV

y 4 34| 8| 6 |8 |30|26{28|10 14 |4 |56

prr @ 4 3111 |400 ©) ) €

- on JVV VPV VPV VP V7VV

y 4 3118 | 6| 8|30|23|25{10|14] 4 |53]
,4® 4 3115 |246 @ 2@ K2
DA AAASARAA4

/ EoM / 29| 8 | 6 |8|3021|123|10|144 |57

Resupplied by Section #3 as Follows 4 2|6 4 2 6

. J VV VvV VPV VPOV

Total y 4 33|88 | 6l10|36[21|27(|10 |16} 4 |57]
-

Figure 7-5. Use of DA Form 4513 with standard data
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7-25. RECORD OF MISSIONS FIRED

a. The DA Form 4513 or 4513-R is used by each section
to record fire commands §d|g|tal or voice), ammunition stock
(on hand, fired, transterred or resupplied), and any
standardized data. After this form has been com_PIeted, It
is used primarily for computm% remaining tube life on the
DA Form 2408-4. All elements, of this form must be recorded
neatly and accurately.

Note: A reproducible copy of DA form 4513-R is located at
the back of this manual.

b. The form consists of four basic parts. They are the
administrative ~ data (to include standard data),
AMMUNITION/FUZES ON HAND, the fire mission data
Eto include transfer and resupply) and AMMUNITION
EXPENDED. Each of these parts should have the following
information recorded (see Figures 7-4 and 7-5).

(1) Administrative data

(a) SECTION-howitzer bumper number/position
number in formation.

(b) DATE-date of firing.

%c) PAGE OF-each side of the form represents one
page of the total pages for that days firing.

(d) STND DATA-elements of a fire command
standardized in order to expedite the delivery of fires.

« ADJ PIECE-howitzer designated as adjusting
piece (voice commands only) and number of
rounds to be fired.

o SH-type of shell used in adjustment.

» LOT-designated lot of projectile and ﬁro ellant.
Lot dem?nators are usually established by the
platoon [eader or fire direction officer.

o FZ-type of fuze used in adjustment.
(2) AMMUNITION/FUZES ON HAND

(a) On the first line, enter the type of ammunition.

(b) On the second line, list lot desi%nators forlprojlectiles,
propellants, fuzes, and the primer nomenclature. Projectiles and
propellants are recorded separately for separate-loading
ammunition.

(c) On the third line, list the actual count of each.
(3) Fire mission data.

(a? Record fire command elements in this portion unless
they are already standardized.

() Record resupply and transfer of ammunition.
(4) AMMUNITION EXPENDED

~(a) In this column, record all ammunition expended or
received.

(b) Circle each round shot in a fire mission, and record
the cumulative count. Upon receipt of EOM, subtract total rounds
Iﬁ?dt athtellast circled number in the column) from the initial or
atest total.

. ((3 Entries for resupply and transfer of ammunition are
not circled.

c. The DA Form 4513 or 4513-R should be turned in
(usually to the GSG, platoon sergeant, or platoon leader)
once every 24 hours tor the purpose of quatln the DA
Form 2408-4. The unit SOP applies. The PAGE OF block
is completed at this time.  The form should be filled out
comﬁletely to eliminate errors. The chief of section should
check it periodically for neatness and accuracy,

Note: A cumulative count is kept to reduce errors in
deriving totals, Once totals are derived, except those listed
in the AMMUNITION/FUZES ON HAND block, they are
represented by two slashes in the upper left-hand corner of
the block being totaled. When a page s filled out in full, the
totals placed in'the AMMUNITION/FUZES ON HAND block
on the next page are the last listed totals. At the end of a
mission or upon resuEpIy, the amounts of ammunition on
hand are totaled on the appropriate line. Thus, a running
count is continually maintained.

7-10
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CHAPTER 8
SPECIAL SITUATIONS

8-1. DIRECT FIRE

Direct fire is a special technique that demands a high standard

of training and  requires the section to operate as an

independent unit. It should be used only as a last resort.

t?clmsiderations for direct fire engagements are discussed
elow.

a. Trajectory. Trajectory characteristics change with the
range to target and charge fired. The following information
is based on use of charge 7.

Note: To produce the highest muzzle velocity and a
flat trajectory, the maximum charge should always be
used for direct fire.

(1) 0 to 400 meters. This is the most accurate range
at which to engage a target with direct fire during combat,
because the trajectory is flattest.

(2) 400 to 1,500 meters. In this zone, the trajectory is
flat enough to allow direct estimation of range without actual
bracketing of the target.  Range changes in 50-meter
increments give the best results.

(3) 1,500 to 2,500 meters. Hits are only reasonabl
possible in this zone. The bracket method of adjusting will
probably be required to obtain a hit.

(4) Over 2,500 meters. Direct fire is not effective.

b. Types of Targets. The most likely direct-fire targets
are vehicles and/or dismounted personnel. Vehicles are
engaged as point targets. Personnel are enﬂaged asarea
targets. Direct-fire priorities should be as follows:

o Vehicles at short ranges threatening to overrun the
position.

o Stationary vehicles covering the advance of other
vehicles.

o Command and control vehicles.
¢. Ammunition

(1) Shell/fuze combination used against armor and
vehicular targets are as follows:

e 105mm— Shell high explosive plastic-tracer
(HEP-_T%; shell HE with impact, mechanical time,
or variable time fuzes set for superquick action; and

shell WP with impact or mechanical time fuze set
for superquick action.

o 155mm— shell HE with impact, mechanical time, or
variable time set for superquick action and shell WP
with impact or mechanical time fuze set for
superquick action.

Note: WP projectiles can be used effectively to
ignite immobilized vehicles. ~ Smoke and WP

projectiles can be used to obstruct the vision of
vehicle drivers and tank gunners and serve to
disorient them.

(2) Shell/fuze combinations used against personnel are
as follows:

o 105mm-antipersonnel (APERS-T) and shell HE
with impact (set for delay action), mechanical time,
lgr variable time fuzes (set for superquick action)

uze.

o 155mm-shell HE with impact (set for delay action),
mechanical time or variable time fuzes (set for
superquick action) fuze.

Note: When used against personnel, shell HE with
impact fuze (delay action) is fired at a point 10 to 30
meters in front of the target to achieve the best
effects.

8-2. DIRECT FIRE SIGHTING METHODS

The three primary methods of sighting used in direct fire
are as follows:

a. Two-Man, Two-Sight.  This method is best for all
weapons except the 105-mm howitzer M119. The gunner
establishes lead with the fpantel, and the AG establishes
elevation with the direct fire telescope. This is the fastest
and most accurate method of sighting. It permits the AG
to check the direction of lead. The reticle in the direct-fire
telescope must be level. A canted reticle in the direct fire
telescope will prevent satisfactory direct fire on movin
targets because an unacceptable range error is introduce
when lead is changed.

b. Two-Man, One-Sight. The gunner establishes, lead with
the pantel, and the assistant gunner sets elevation on the
elevation quadrant at the command of the chief of section.
This method is not effective when the target is moving on
other than flat terrain.

8-1
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¢. One-Man, One-Sight. This method is least desirable
and should not be used unless ahsolutely necessary. The
gunner lays for lead and elevation with the reticle of the
pantel. This method should not be used if the target is
moving or on a steep slope.

8-3. DIRECT FIRE LAYING METHODS

The two primary methods of laying for direct fire are
discussed below.

a. Reticle Laying. The gunner maintains lead by placing
the vertical hairline the proper number of mils ahead of the
point of aim on the target (Figure 8-1).

b. Central Laying. The gunner sets the lead in mils on
the azimuth micrometer scale of the pantel and maintains
the vertical hairline of the reticle on the center of the target
(F|t0;ure 8-2). There is a modification on the knob of the
M100-series pantel called a click sight. It permits the gunner
to set off lead in 5-mil increments, by sound or feel, without
removing his eye from the sight.

80 70 60 50 40 30 20 10 | 10 20 30 40 50 60 70 80

e Lead in mils (how to determine lead is explained in
the weapon manual) - LEAD, RIGHT 5.

e Range to target-RANGE 800.
o Method of fire-FIRE AT WILL.

b. The shell, fuze, and charge to be fired should be
standardized to save time. If a shell-fuze combination other
than the standard is desired, the command SHELL
(so-and-so), with time (if applicable), is given after the
direction to target.

¢. The howitzer section chief gives subsequent commands
hased on the observed effects.

(1) Change in lead. During adjustment, the lead in mils
is changed to a new total lead command.

EXAMPLE

The initial fire command was LEAD LEFT 5. After
spotting the burst, the section chief decides a lead of 10
\|/_vI|EIII:¥|t1 (t)he target. His subsequent command is LEAD

~(2) Change in range. During adjustment, the range is
increased by the command ADD (so many meters) and is
decreased by the command DROP (so many meters).
Another option is that the section chief announces a new
range hased on the desired increase or decrease in range to
hit the target. Unit SOPs will dictate which technique to
use.

Figure 8-1. Gunner’s sight picture, reticle laying
(lead R20)

8-4. COMMANDS FOR DIRECT FIRE

a. The platoon leader/XO or BC will direct the engagement
of targets by certain sections using verbal commands.
Normally, individual section commands for direct fire are

iven by the howitzer section chief. The commands include
the following:

e Awarning order - TARGET (so-and-s0).
o General direction to the target - LEFT FRONT.

8-2
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Figure 8-2. Gunner’s sight picture, central laying
laad
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d. When commands for direct fire are issued, firing battery
personnel must ensure that direct-fire engagements do not
result in fratricide. This is the particular responsibility of
the howitzer crew, section chief, FDO, platoon leaders, and
platoon sergeants in a platoon-based unit and of the XO,
chief of tmng hattery, and GSG in a battery-based unit.
(See AR 385-63 on minimum engagement ranges.)

8-5. EMERGENCY BORESIGHTING

a. Boresighting is the only means a gunner has of ensuring
that the optical axis of his sights are parallel to the tube of
the weapon. The weapon should be boresighted in the
following cases:

o Anytime the sight has been subjected to any shock
other than tiring.

o Before firing in a new firing position (verify).

o Anytime the howitzer fires inaccurately for no apparent
reason.

b. The primary methods of boresighting are:
o Distant aiming point.
o Test target.
o Standard angle.

¢. When time is not critical and the tactical situation permits,
use of the test target may be preferred over the DAP method
hecause of its accuracy.

d. Boresighting methods are discussed in detail in the
applicable Wea‘oon manuals.  The following paragraphs
describe several boresighting techniques that may be used
if, for some reason, one of the primary methods is not possible.

8-6. COLLIMATOR METHOD OF
BORESIGHTING

The collimator may be used to boresight weapons.
Procedures are as follows:

a. Prepare the weapon for boresighting in the same manner
as for the DAP method.

b. Place the collimator about 20 feet in front of the tube.

¢. Sight through the tube and align the 0 of the collimator
with the vertical muzzle boresight string.

d. With the pantel, sight on the collimator and match the
numbers on the reticle pattern of the sight with the numbers
on the collimator. The reading should be as follows:

3200 on the azimuth scale of the M 100-series sight.

o 0o0n the slip scale of the M12-series sight.

Note: This method may not work with the
MI0O9A3LAG or MI98 howitzers. Because of the
length of the tubes on these howitzers, the numbers
in the collimator may not be visible durlncf; the
alignment portion (paragraph c above) of the
boresighting process.

8-7. STANDARD ANGLE METHOD OF
BORESIGHTING

For the M101AL, the standard angle must be established
during the conduct of a fire control alignment test. The
[?roce ures are outlined in the aPphcabIe weapon manuals.

0 boresight by the standard angle method, do the following:

a. Establish the recoiling parts in the same relationship to
the nonrecollmg parts as they were when the standard angle
was established.

b. Place a pin in the left witness mark on the muzzle.
¢. Install the parallax shield.
d. Set the standard deflection angle on the telescope.

e. Using a tested gunner’s quadrant, set the standard
elevation angle.

f. Match all standard angle scribe lines.

g. If the weapon is out of boresight, do not disturb the
ubbles. Adjust the vertical hairline onto the junction of
the pin and the muzzle.

Note: As soon as possible, the boresight should be
verified by a more accurate means.

8-8. AIMING CIRCLE METHOD OF
BORESIGHTING

a. Set up the aiming circle approximately 30 to 50 meters
in front of the weapon (Figure 8-3, page 8-4).

b. Insert the boresight disks and strings in the cannon.

c. With the upper motion of the aiming circle, set off
0000 (for M12-series sights) or 3200 (M100-series sights).

d. Align the cannon bore on the aiming circle, and center
the cross-level bubble of the pantel.

e. With the lower motion of the aiming circle, align the
vertical hairline on the center of the cannon bore.
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f. With the upper motion of the aiming circle, align the . The gunner sets the announced reading on the pantel.
vertical hairline on the pantel of the weapon. Read the E|e then adjusts the pantel by using the tangent screws, or
instrument reading (angle from center bore to pantel) tothe  the boresight adjustment shaft, until his sight picture is
Wweapon. centered on the lens of the aiming circle.

LI

30 TO 50 METERS ﬁl

ANGLE READ |
ON SIGHT ¢

AIMING CIRCLE ON
LINE WITH AXIS
OF THE BORE

—
— — .
—

ANGLE READ
ON AIMING
CIRCLE

Figure 8-3.  Aligning the sight paralle! to the axis of the bore by use of an aiming circle

8-4
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CHAPTER 9
COMMUNICATIONS

9-1. COMMUNICATIONS EQUIPMENT

The cannon battery or platoon uses both radio and wire
equipment. Either system will become primary or secondary,
depending on the tactical situation and the availability of
equipment.  There are advantages and dlsa_dvanta_?_es
associated with each. For example, radio permits mobility
and speed but is susceptible to enemy electronic warfare
(EW). Wire lines are more immune to enemy EW, but they
Inhibit rapid movement and sEeedy installation. Hence, the
strength of one becomes the weakness of the other.
Therefore, it is reasonable to view the battery or platoon
communications (comm) system as that which makes the
best use of the radio and wire resources available at any
given time.  We must always strive to have a system
redundant to the one being used, be it radio or wire. [deally,
it would be best to rely first on radio during displacements
and initial site occupations. Then, if time permits, install
and operate on wire lines.  If radios are unavailable, or
unusable, a wire system is necessary. Accordingly, the
diagrams and system configurations which follow provide
practical and realistic ways of establishing battery commo
systems, depending on which TOE a unit uses.

9-2. BATTERY COMMUNICATIONS
SECTION

a. To help the battery commander meet communications
requirements, a comm section is authorized at the battery
level.  This section gives battery personnel technical
assistance in the installation, operation, and maintenance of
the battery comm system. = Battery J)ers_onnel_ share
responsibility for installing, operating, and maintaining the
hattery comm system.

b. The battery comm chief advises the commander on
communications matters. The two wiremen help install and
maintain the intrabattery wire system and wire equment.
The comm chief’s specific responsibilities are as follows:

(1) Provide communications training to battery
personnel and technical assistance for communications
training in the unit.

(2) Advise the BC on communications considerations
during selection of positions.

f) Supervise the maintenance of comm equipment in
the battery.

(4) Coordinate with the battalion comm chief on matters
of personnel, communications security (COMSEC) materials,
equipment, parts, maintenance support, and communications
training.

9-3. BATTERY WIRE SYSTEM

a. Presently, the FA battery or platoon relies on wire to
meet its internal communications needs. Three DR-8s are
issued to each howitzer section so the battery can have a
separate voice, digital, and advance party capabilities.

b. There are changes to the wire terminals used in the
battery wire system. The SB-16 is no longer recommended
for digital communications. The terminal strip TM-184
provides a cleaner, more reliable digital signal. The TM-184
(NSN 5940-00-238-8493) is a class IX item and can be
procured through the unit supply system. Four TM-184s
will be required to install the bat_terK or OFlatoon wire system.
One will serve as the voice wirehead, one as the digital
wirehead, and one for an advance party capability. The
fourth connects battalion wire lines. ~ Two additional
TM-184s are required for the second platoon in a platoon-
based battery.

(1) Advance party. The advance party wire system
(Figure 9-1?] provides immediate voice communication upon
arrival of the main body, between each howitzer, the aiming
circle, and the FDC.

~ (8) When the advance party arrives at a new location,
a deagnated platoon representative places a voice wirehead
(TM-1 4L|n the position area, usually near the platoon center
behind the gun line. This will allow personnel to troubleshoot
most of the wire system from behind the gun line.

b) Using a DR-8 (“z-mile reel), the gun guides
connect the running end of each wire line to the appropriate pair
of line binding posts on the voice wirehead. After this
connection is made, the wire lines are tied off to a stake next to
the voice wirehead and are tagged. Each gun guide then routes
the wire from the voice wirehead to his gun position and connects
it to the line binding posts on his telephone set TA-312 or
headset-chestset, sound powered H-200. It is advisable to route
wire lines to a stake forward of the gun line, as illustrated in Figure
9-1, to avoid wire line damage by vehicles moving in with the
main body. However, the chosen wire line route will be
dictated by terrain and available wire.
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() The FDC representativealso installs a wire line from
the voice wirehead to the FDC position by using a DR-8. The
running end of the wire line is connected to the appropriate pair
of binding posts on the voice wirehead and tied off to a nearby
stake and ta 8ed._ The wire line is then routed to the vicinity of
where the FDC will be positioned and is connected to a TA-312,
H-200, or an AN/GRA-39.

(d) To complete the voice wire system, a battery or
?Iatoon representative installs a wire line to the aiming circle
from the voice wirehead. After this circuit is completed by
installation of a telephone set TA-312, or H-200, the telephone
system will allow the howitzers to be laid when the main body
occupies the firing position.

~(2) Main body occupation. Soon after the main body
IS in position, a second wire system is installed for digital
communications.

(a) A second TM-184 (digital wirehead) is also placed
near the battery or platoon center behind the gun line. The
procedure for installing this system is identical to that used by
the advance party, except the wireline is connected to the GDU
at the howitzer and to the BCS in the FDC gﬁ ure 9-2). In the
howitzer, the wire line is connected to the BCS hinding posts
(labeled BCU) of the case assembIY (Figure 9-3). The wire line
at the FDC is routed into the vehicle and connected to the wire
line adapter of the BCS éFlgure 9-4, page 9-4). Stakes should be
used at the howitzer and the FDC to secure incoming wire lines

to reduce damage to the wire system by moving vehicles and
personnel. Again, if terrain and available wire permit, the digital
system should be routed to the front of the gun line to minimize
system damage.

. ~ CAUTION _ o
Avoid any ringing-type comm device on the digital
line, as they have the potential to destroy the GDU
case assembly.

~ (3) Complete system. If time and assets permit, a wire

line can be Installed as necessary between the BCS of the
two platoon FDCs by using an RL-27 and RL-159 (Figure
9-5, Oloa?e 9-5). This wire line can be used as necessary to
hand off digital fire missions between FDCs. As time and
mission allow, SB-22 switchboards can be installed in each
platoon and connected by wire line to a hattery command
switchboard (SB-22) providing voice communications. In
battery based operations (Figure 9-6, page 9-6), only a battery
command switchboard is installed. Additional voice or
digital capability can be provided by a battery wirehead that
interfaces with battalion voice and digital wire lines. In
most cases, external communications rely primarily on radio
communications (and mobile subscriber equipment). The
extent to which wire is installed and lines are improved or
protected depends on the anticipated time the firing unit
will stay in position before moving again.
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TO GUN 3
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o
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Note: A 3 x 6 platoon-based organization would have one less gun position than the figure depicts.
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Figure 9-1. Advance party voice wire system (one of two platoons)
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PLTFDC 12 FEET
OF SLACK*
BCS
(TO TA-312)
TMIJ§4
STAKE
-
. 84
~ -
STAKE ___
LEGEND:

= voice wire line
- == w= = digital wire line
*155-MM SP HOWITZERS REQUIRE 12 FEET OF SLACK

TO ALLOW THE TURRET TO TRAVERSE LEFT OR RIGHT.

Note: A 3 x 6 platoon-based organization would have one less howitzer than the figure depicts.

Figure 9-2. Main body occupation wire system (one of two platoons)
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Figure 9-3. Wire line connection to the GDU
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1. Wire and

c. All wire lines should be identified by ta Z?ing them
individually at each end as outlined in TC 24-20 and at
each stake. This facilitates troubleshootm? the wire system.
Wire tags should be prepared and labeled in accordance
with the unit signal operating instructions (SO1) and SOP.

9-4. BATTERY RADIO NET STRUCTURE

The firing battery in a direct support (DS) battalion operates
in two external radio nets and one internal radio net. Figure
9-7, page 9-7, shows the battery (btry?] radio net structure.
Listed below are the radio nets in which the battery operates

and a description of how each net is used.

a. Battalion Command (Cmd) Net (FM-Voice). This is
a secure net used for command and control and for intelligence
information. The battalion (bn) operations and intelligence

9-4

in connactinne tn tha | Cl1I
1o conneclione ¢ e LGV

0&l) element is the net control station (NCS). The battery

commander, first sergeant, platoon leaders, platoon sergeants,
platoon FDCs and the ammunition sections operate In this
net.

b. Battalion Fire Direction Nets (FB1, FD2, FD3)
(FM-Digital). These are tactical fire direction (FD) nets
that are assigned one to each firing battery. The Bn FDC
is the NCS for these nets. The a$5|%ned net (FD1, FD2, or
FD3) is used to pass digital traffic. 1t may be converted to
a voice net to fit operational needs. Each platoon FDC
operates in this net and communicates digitally with the
battalion FDC by using the BCS. The platoon FDC can
also use this net as directed to communicate with the company
fire support headquarters, forward ohservers, battalion fire
support section, combat observation/lasing teams, aerial
observers, and Firefinder radar sections.



FM 6-50, MCWP 3-1.6.23

Note:

1. TA-312s can be substituted for SB-22s if no other
administrative lines are installed in the battery or
platoon area.

2. The digital line can be routed directly between the two
FDCs if the battery wirehead is not installed.
1

3. A 3 x 6 platoon-based organization would have one TM-184

less howitzer than the figure depicts. % I
I
Spo5 JL(SEENOTE 1) L-_—_“.QI
1 PLT FDC IMass 7 1
i— @ BCs @ —_—
BTRY HQ I
SB-22 |
|
1%
s IMA84,
TM-184 / 7
»“ (SEE NOTE 2) TM-184
-__.‘____~ 2PLTFDC
[
~10cs @Pt——e_ L~
TO BATTERY HQ
(SB-22) (VOICE) TO BATTERY HQ
(SB-22) (VOICE)

TO PLATOON FDC
: (BCS) (DIGITAL)

TO PLATOON FDC
(BCS) (DIGITAL)

TO BATTALION FDC
(IFSAS) (DIGITALV b

LEGEND:
voice wire line
digital wire line

TERMINAL STRIP TM-184 —— —
BATTERY WIREHEAD

Figure 9-5. Platoon-based battery wire system
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Figure 9-6. Battery-based battery wire system
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(FM-VOICE/
DIGITAL)
=] BATTERY

Note: The maneuver (mvr) fire support (FS) net is
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Figure 9-7. Battery radio nets

c. Battery Command/Fire é(_:F) Net (FM-Voice
and/or Digital). With the fielding of the small unit
transcewer%SU AN/PRC-68 or AN/PRC-126 and the radio
set  single channel-ground and airborne radio system
[SINCGARS]), each FA firing battery will have its own
Internal radio net.

(1%The L-edition TOE authorizes two AN/PRC-68s or
AN/PRC 126s per howitzer section (one in the howitzer
and one in the ammunition resupply vehicle, one per FDC,
one per platoon leader, and one for the battery commander.

(2) The AN/PRC-68 or AN/PRC-126 can receive
operating power from either the battery source or from a
vehicular power system.  In the hand-held mode, the
AN/PRC-68 or AN/PRC 126 is powered by a 154 volt dry
battery (BA-1588) that provides 24 hours of continuous
operation. To operate the AN/PRC-68 or AN/PRC 126 with
vehicular power, an amplifier-power suppl)/ 0G-174 is
required. ~ The OG-174 allows the AN/PRC-68 or
AN/PRC-126 to be mounted inside a vehicle, interfacing
with the vehicle intercom. It provides an external antenna
(Figure 9-8).

(3) Once the AN/PRC-68s or AN/PRC-126s are
connected to the BCS and GDUs in the FDC and howitzers,
respectively, the Battery CF Net can be used to pass digital
traffic between the FDC and the howitzer sections. Once
quality digital communications is established, voice
gommumceatlons should be discontinued and all headsets may

e removed.

9-5. AN/PRC-68 AND AN/PRC-126
PLANNING CONSIDERATIONS

The AN/PRC-68 or AN/PRC-126 can be employed in a
variety of tactical {:IFFHC&'[IOHS._ However, limitations
somefimes make it less than ideal. ~ Therefore, wire
communications should always be established if logistics,
time, and tactical constraints permit. The AN/PRC-68 or
AN/PRC-126 with OG-174 gives the FA cannon battery or
platoon the capability to transmit digital as well as voice
communications mternallg/. _ Without the OG-174, the
PRC-68 or AN/PRC-126 is used routinely for voice
communications only in the hand-held mode. The following
planning considerations are provided for use of the SUT:

a. The battery comm chief can set the AN/PRC-68 or
AN/PRC-12 mterna_IIP/ on one base frequency.  Any
frequency change will be a time-consuming process.
Therefore, units should request a fixed, sole user frequency
to be included in the SOI for the battery CF net.

b. The use of the AN/PRC-68 or AN/PRC-126 may need
to be tailored to a particular mission. Their use during
convoys, ammunition resupply, hip shoots, and advance party
and main body operations may warrant a change in
assignment of these radios.

¢. Radio-electronic combat may preclude the use of the
radio because of jamming.

d. Mutual interference between friendly units may preclude
use of the radio.

e. Alternate frequencies to be used in case of jamming
must be identified.

9-7
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Figure 9-8. Amplifier-power supply 0G-174 and small-unit transceiver AN/PRC-68 or AN/PRC-126

9-6. BCS-TO-GDU COMMUNICATIONS

The BCS-to-GDU link is the location of the most frequent
problems. This area requires constant command attention
If the maximum benefit is to be derived from the entire
system. The following are the most common errors reported
by or recommendations received from units worldwide:

a. BCS-GDU Wire Connection.
(1) Wire must be perfect.
(2) There must be a dedicated GDU wire with no splices.

(3) WD-1 was never meant for digital communications.
One improper splice or one short may knock the entire system
out. (Acquire copger wire WF 16U, NSN 6145-00-910-8847,
for use with the GDUSs.)

b. Gun Assemblies for Deflection and Quadrant. There
must be enough slack in wire lines for shifting trails.
Otherwise, wires or assemblies may be damaged.

¢. Grounding.

(1) The case assembly on a howitzer must be properly
grounded according to TM specifications. Otherwise, the
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system will malfunction, especially in wet weather or in
early-morning dew.

(2) All'wires and cables must be installed according to
exact TM specifications.

d. Switchboard Use. Do not use an SB-22 or a similar
device that requires a male end metal connector. Use a
TM-184 or TM-125 type of terminal device.

e. GDU Power for Towed Unit. For GDU power, use
a plug-in device to connect with the prime mover. Do not
use a clamp connector to the vehicle battery since this will
damage or destroy batteries and/or the GDU.

f. Mounts.  All locally fabricated mounts should be
inspected by comm technicians for proper power hookup
and grounding.

g. Wire Setup Within the Position.

(1) A loop wire system from BCS to GDUs does not
work. The vast and continuous amount of traffic in the
system causes a loop to overload and malfunction or the
guns will receive improper data.
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(2) Failure to waterproof lines at the point of connection
may cause loss of digital communications in wet weather.
The plug-_ln terminal strip for GDU lines can be permanently
mounted in a waterﬁroq ammunition can with a hole drilled
in the bottom for the lines to pass through. Once the lines
are connected, the lid can be closed.

(3) The terminal strip should be centrally located so
that each weapon uses no more than 400 meters of wire
(one DR-9).

(4) Units must use a precise track plan and closely
supervise movement of ammunition resupply vehicles to
prevent damage or destruction of wire. Repair by splicing
IS unacceptable.

(5) Special positioning considerations for a platoon-
based battery using one BCS is in Figure 9-9.

(g) Two wire lines must go to each gun-one voice and
one digital. TA-312s should not be hooked up on the digital
line once digital traffic begins.

J. Training.

h. NICAD Batteries. Nickel-cadmium (NICAD% hatteries
used in the GDU must be completely discharged before they
are recharged. These batteries have a memory; unless they
are discharged, they ultimately refuse to accept a recharge.

I. Digital Fire Commands. The section chief must view
the entire digital fire command on every round. If in a
hurry, he may see only charge, deflection, and 8uadrant.
This creates obvious problems when FFE is entered or when
shell, fuze, and/or fuze setting is changed.

Observer, FDC, and howitzer section
i)ersonnel must frequently participate in d[gltal fire request
oop training to get the maximum benefit from the BCS.
The traln_m? set, fire observation (TSFO) is a tool which
aids in this training.

k. AN/PRC-68 or AN/PRC-126 and GDU. The AN/PRC-68
or AN/PRC-126 (or other VHF-FM radio) can be connected to
the case assembly, thus dispensing with wire to the GDU. Cables
W33 or W34 are used for the signal, and W34 or W34A are
used for power. (See TM 11-7440-283-12-2 and paragraphs 9-4
and 9-5 of this publication.)

v

LEGEND:

voice wire line
Aimital wirira lin
UIHILGI wWilG 1

|~
<«— TERMINAL
STRIP

-1" F C.

Note: A 3 x 6 platoon-based organization
would have one less howitzer than the figure

PPN TN
Il aepicts. II

Figure 9-9. Positioning for platoon-based battery using one BCS
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CHAPTER 10
AMMUNITION

10-1. REFERENCES

The combination of current and developmental ammunition
with that being developed makes it essential that battery
superwsors keep current on the latest changes. The following
reterences will help them:

a. TM 9-1300-251-20, Table 3-2, gives detailed information
on ammunition component inspection criteria. Chapter 3
explains how to correct any dericiencies noted. Appendix
M indicates what maintenance the crew and ammunition
sections are authorized to perform.

b. TM 43-0001-28 gives detailed characteristics of primers,
prcgectlles, propellants, and fuzes. It includes combination
and compatibility charts for all artillery weapons and
ammunition components.

¢. TM 9-1300-206 gives detailed information on complete
precautions for handling artillery ammunition.

d. The operator’s manual for the weapon system gives
information on the ammunition authorized for use with that
system.

e. Appendix M to this publication outlines characteristics
of FA cannons, and Appendix N discusses interchangeability
of ammunition for those weapons.

10-2. EXTERIOR COMPONENTS OF
AN ARTILLERY PROJECTILE

Since the first projectile was manufactured, the demand for
greater accuracy and_?_reater range has influenced projectile

esign. Without specifically constructed shaﬁes and exterior
parts, there would be no standard ballistic characteristics for
any group or type of projectiles. A lack of ballistic
standardization would prevent the computation of firing
tables.  Modern projectiles are designed for maximum
stability and minimum air resistance in flight. The exterior
components of an artillery projectile are shown in Figure
10-1 and explained below.

a. Eyebolt Lifting Plugs and Fuze Well Plugs. A
separate-loading Iprol]ectlle has an eyebolt I|ft|n? plug. Other
types of projectiles have metal hex-head or plastic closing
plugs. The plug is for lifting; to keep the fuze well clean,
dry, and free of foreign matter; and to protect the fuze well
threads. The Elug_ Iis removed, and the appropriate fuze is
inserted at the Tiring position. ~ Some special-purpose
semifixed projectiles are issued with the fuzes already
assembled in the projectile.

b. Ogive. The ogive is the curved portion of a projectile
hetween the fuze well and the bourrelet. It streamlines the
forward portion of the projectile. The curve of the ogive
usually is the arc of the circle, the center of which is located
in a line perpendicular to the axis of the projectile and the
radius of which is generally 6 to 11 calibers.

c. Bourrelet. The bourrelet is an accurately machined
surface that is slightly larger than the body and located
immediately to the rear of the ogive. It centers the forward
part of the projectile in the tube and bears on the lands of
the tube. When the projectile travels through the bore, only
the bourrelet and the rotating band of the projectile bear on
the lands of the tube.

d. Bod?/. The body is the cylindrical portion of the
projectile between the bourrelet and the rotating band. It
Is machined to a smaller diameter than the bourrelet to reduce
the projectile surface in contact with the lands of the bore.
The body contains most of the projectile filler.

e. Rotating Band. The rotating band is a cylindrical rin
of comparatively soft metal that is pressed into a knurled,
or roughened, ?roqve near the base of the F_mJectne. It
mates With the forcing cone of the tube to eliminate gas
wash (blow-by) and to provide forward obturation. The
rotating band, in conjunction with the rifling of the tube,
imparts spin to the moving projectile. A properly rammed
separate_-loadlnﬁ projectile is held in the tube at all angles
of elevation by the wedging action of the rotating band against
the forcing cone.

PLUG

[
4 : «—BOURRELET
GROMMET / g
(PROTECTS ’ ] «—BODY
ROTATING iwsniy ]
BAND DURING
SHIPMENT) __, ROTATING BAND
“——OBTURATING
BASE— BAND (USED ON
T CERTAIN
BASE COVER PROJECTILES)

Figure 10-1. Exterior components
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f. Obturating Band. On some projectiles, there is a nylon
obturating band below the rotating band to hello in forward
obturation. Two examples of 155-mm projectiles with this
type of a band are the illuminating round and the
high-explosive rocket-assisted round.

. Base. The base is that portion of the projectile below
the rotating band or obturating band. The most common
type is known as the boattail base. This (tjydpe of base
streamlines the base of the projectile, gives added stability
in flight, and minimizes deceleration by reducing the
vacuum-forming eddK currents in the wake of the projectile
as it passes through the atmosphere,

h. Base Cover. The base cover is a metal cover that is
crimped, caulked or welded to the base of the projectile. It
prevents hot gases of the propellln% charge from coming in
contact with the explosive filler of the projectile through
possible flaws in the metal of the base.

10-3. PROJECTILE PAINTING
AND MARKING

The main reason for painting a projectile is to prevent rust.
However, painting is also used to identify the various types
of ammunition.

a. ldentification. The basic colors used for many years
were olive drab (OD) for high-explosive rounds, ?ra for
chemical rounds, blue for practice rounds, and black for
drill rounds. A system of contrasting color markings or
bands in addition to the basic color has also been used to
identify the particular type of high explosive or chemical
used as a filler. Color coding of recently produced projectiles
is somewhat different. For example, illuminating and smoke
rounds are no longer painted gray, the basic color for chemical
shells. Illuminating rounds are now painted basically white
or olive drah, and the smoke rounds are painted %reen. The
Basm color for dummy ammunition has been changed to
ronze.

b. Weight.  Variations in weight are inherent in the
manufacture of projectiles. Since a high degree of accuracy
is required in artillery firing, one must compare the data
stenciled on the i)rO]eCtHe (Figure 10-2) with the data provided
in the firing tables to obtain the proper hallistic corrections.
_TheT mgerg% zlone marking symbols for projectiles are shown
in Table 10-1.

¢. Ammunition Lot Number. When ammunition is
manufactured, an ammunition lot number is assigned in
accordance with pertinent specifications. This lot number
is an essential part of the ammunition marking. When the
size of the item permits, this lot number is stamped or marked
on the item itself and on all packing containers. The lot
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number is required for all records, including reports on the
ammunition condition and functioning and on any accidents
in which the ammunition is involved. To ensure uniform
functioning, all the components in any one lot are
manufactured under conditions as nearly identical as
practicahle. When semifixed ammunition is fired, successive
rounds should be of the same lot number so that maximum
accuracy is obtained. When separate-loadm? ammunition
is fired, successive rounds should consist of projectiles of
the same lot number, propelling charges of the same lot
number, fuzes of the same lot number, and primers of the
same lot number.

d. National Stock Numbers and Department of Defense
Ammunition Code. National stock numbers gor example,
NSN 1320-00-529-7331) have replaced the old Federal stock
numbers (FSNs), the old ammunition identification codes
(AIC), and ordnance stock numbers. Each item of supply
has a different national stock number. The first four digits
of a national stock number are always the Federal supply
classification (FSC) to which the item belongs. The next
two digits identify the country of origin. Continental United
States, for example, uses 00 and 01. Some of the other
NATO countries use their a35|fgned digits, such as 12 for
Germany, 15 for Italy, and 21 for Canada to mention just
a few. The next seven digits constitute the national item
identification number (NHN). The dash between the third
and fourth digits of the NIIN serves to reduce errors in
transmitting. Each item has a different NIIN. A Department
of Defense identification code (DODIC) is added as a suffix
to the national stock number; for example, 1320-00-529-7331
D544). The Department of Defense ammunition code
DODAC) is made up of eight characters—the four-character
SC code number and the DODIC. For example, 1320-D544,
a gyplcal DODAC, consists of FSC class 1320 and DODIC
D544, which identifies a 155-mm HE projectile M107, and
the NSN 1320-00-529-7331 indiicates that the projectiles are
packed eight per wooden pallet. The same DODIC suffixed
to more than one NSN indicates items that are
interchangeable. (See Appendix N.)

Table 10-1. Weight zone marking

CALIBER OF

PROJECTILE WEIGHT ZONE SYMBOL
105 mm 2 squares @ EI
188 mm 3 squares .| Q.l .| Q.l .I Q.l
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<—— WEIGHT ZONE MARKING

Pel___CALIBER AND TYPE OF WEAPON

WS\ «IND OF FILLER

NSIYN=! | OT NUMBER OF LOADED SHELL,

AN 1l 2— TYPE AND MODEL OF SHELL
1

|

VAR IBe— FoR DEEP.CAVITY

\ SHELL CONTAINING
DEPARTMENT OF

SUPPLEMENTARY
‘” DEFENSE IDENTIFICATION

CHARGE
D544 <——CODE

Q‘(-) « LOT NUMBER OF
—
OF SHELL

EMPTY SHELL
e YEAR OF
MANUFACTURE
I Note: I
1. Improved conventional munitions (ICM)
projectiles have a band of yellow diamonds

_ <— STAMPED iN THE METAL
UNDER THE PAINT:
¢ CALIBER AND
DESIGNATION
around the ogive (between the weight zone
and caliber sections).

2. FASCAM projectiles have a band of
yellow triangles around the ogive with the
letter S or L inside the triangles.

Figure 10-2. Markings of a (separate-loading)
' projectile

10-4. CARE AND HANDLING OF
AMMUNITION

a. If ammunition is to function properly, it must be handled
pro?_erly. Some of the basic principles of proper handling
are listed below:

(1) Never tumble, drag, throw, or drop individual
projectiles or hoxes of projectiles.

(2) Do not allow smoking, open flames, or other fire
hazards around ammunition storage areas.

~(3) Inspect each round before it is loaded for firing.
Dirty ammunition can damage the weapon, cause the breec
not to close, or affect the accuracy of the round.

(4) Keep the ammunition dry and cool.

(5) Never make unauthorized alterations or mix
components of one lot with another.

(6) If a round has been rammed and then must be
extracted, return it to the battalion ammunition section. The
{)Ot?-t'ng band or the fuze may be damaged and should not

e fired.

(7) Leave the eyebolt lifting plug or closing plug
screwed into the fuze well until tﬂe round is to be ?uzed.

b. Care and handling of projectiles, fuzes, propelling
charges, flash reducers, Emmers, and cartridge cases are
discussed in paragraphs 10-5 through 10-10.

10-5. PROJECTILES

a. Projectiles must be inspected to ensure the following
conditions:

(1) There is no leakage of the contents.
(2) The projectile is correctly assembled.

ﬁ?_;) The rotating band is in proper condition, If the
rotating band is stained or discolored, that minor deficiency
can be removed with fine sandpaper or steel wool. Projectiles
with rotating bands which have minor dents or cuts can be
fired. However, if dents or cuts go through the band, the
round should be rejected by the using unit. The grommets
must be secured and tight to prevent nicks and scarring of
the rotating band or obturation band.

h. Most HE projectiles issued for use with proximity VT
fazes are standard projectiles with deep fuze cavities to
accommodate the longer VT fuze. Each of these projectiles
is issued with a removable supplementary charge so that
the projectile may be used with an impact, a mechanical
time or a long intrusion (VT) fuze. The supplementary charge
is removed only when the projectile is used with a long
intrusion VT fuze. It must be in place when the projectile
is used with a mechanical time fuze, impact fuze, or short
intrusion VT fuze.
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CAUTION
Do not try to remove the supplementary charge by
any means other than the Iiff mq loop. If the charge
cannot be remaved by the lifting loop, the round ma
be disposed of or fired with an impact or an MTS
fuze. The deep cavity maybe lined with a paper tube
and bottom cup, which help support the high-explosive
filler. This lining should not be removed at any time.

c. Because of their contents, toxic chemical and the WP
shells require special handling and storage.

(1) Chemical rounds.

_ () When toxic chemicals are being fired, all personnel
in the area should wear protective masks and anyone handling
the shell should wear gloves.

_ ﬂk;? An ample supply of decontaminating agents should
be available in case they are needed.

(c) If possible, these shells should be stored away from
other types of ammunition and downwind of the battery area.

(2) White phosphorus. WP rounds (except for the M825
and M825A_1I) should be stored upright on their base at all
times. The filler of these rounds will melt at a temgera_ture
of 111.4°F. As a result, the filler shifts and the ballistic
characteristics of the rounds change. The WP shell should
be in an area free of any combustible materia